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PEEFACE TO THE FIFTH EDITION. 



In this Edition further revision and much additional matter 
are included ; and many of the illustrations in former editions 
have been replaced by later designs. 

The small figures of valves shown on the circumference 
of valve diagrams illustrate the position of the valves 
corresponding to various crank positions It is hoped that 
f they will make the diagrams more readily comprehensible 

^ to readers who have not given much previous study to 

^ the subject. In the case of slide valves, the end next to 

the diagram circle represents the front end of the valve — 
^ that is, the end nearest the crank-shaft. In four-valve 

V engines, the valves nearest the crank-shaft are those drawn 

(^ adjacent to the diagram, both in the case of steam and 

exhaust. The arrows denote the direction the valves are 
moving at the particular position shown: where no arrow 
appears the valve is in the extreme position of its movement^ 
and has, therefore, no motion at that particular instant. 

CHARLES HURST. 



LosTOCK, NowmbtTy 1907, 
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VALVES AND VALVE • GEARING. 



PART I.— STEAM ENGINE VALVES. 



CHAPTER L— SIMPLE VALVE GEAR. 

CoNTBHTB.— Area of PortB—Lead — Point of Cat-off — Diagram of Simple 
Valve — Percentages of Release and Compression — Application of the 
Diagram — Divided Valves— Valve Diagram — Effect of Connecting-rod 
Angularity and EaualiBation of Steam I)i8tribution — Ellipse Diagram — 
Double-Ported Valve — Trick Valve — Thorn's Trick Valve— Valve 
Diagram for Tandem Engines — ^Valve Spindles — ^Valve Pins — ^Balanced 
Valves— Piston Valve. 

Ik dealing with valve gears, the oommon slide valve saggests itself 
as being a suitable starting point, for onoe the simple diagrams and 
requirements relating to it are understood, the subject leads easily 
and naturally to the consideration of more complex gears. 

Area of Ports. — ^The first consideration when designing any 
valve gear is the amount of steam and exhaust openings requisite 
for the free passage of steam. According to present practice the 
velocity of steam entering the cylinder should not exceed 6,000 
to 7,800 feet per minute; while that of the exhaust should not 
exceed 4,800 to 6,800 feet per minute. 

Let A = area of port opening in square inches. 
D a diameter of cylinder in inches. 
P = piston speed m feet per minute. 
V 3 mean velocity of steam in feet per minute. 
V^ =s mean velocity of exhaust in feet per minute. 

D»2xP 

Then A=: — 

V 

D»JxP 
The area of opening for exhaust will be — ^j — . 

In deciding upon the values of Y and V^, regard must be had 
to the length and shape of the ports, and to the intended pressure 
of steam. In long-stroke slide valve engines the lesser velocities 
should be taken ; but in Oorliss engines, where the ports are short 
and direct, the higher values of V and V^ may be taken without 
fear of wiredrawing. The frictional loss of steam in the ports is 
proportional to its density ; hence it is necessary to consider the 
pressure when calculating the area of passages. For instance, the 
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ports in the high-pressure cylinder of a well-designed compound 
CDgine may have such an area as will give a velocity of, say, 5,700 
feet per minute to the steam and 5,200 to exhaust; but in the 
low-pressure cylinder it is not uncommon to find these velocities 
to be 7,200 and 6,500 respectively. These are mean velocities, and 
with engines taking steam up to half-stroke and later they are 
increased by fully 50 per cent, when the piston is passing half- 
stroke. Most high-class engines perform their normal duty with 
a much earlier cut-off than 50 per cent, in the high-pressure 
cylinder, and such engines may have the steam ports reduced 
in area so that the mean steam velocity up to the normal point 
of cut-off is not greater than above given^ provided that the steam 
ports are not used for the exhaust function. When this reduction 
is made, however, the valve action should give an opening equal 
to the port area before the cut-off has taken place. This point 
will be more appreciated when designing valve gears having 
tripping arrangements. The smaller the steam ports the smaller 
will be the clearance volume, and the valves themselves will be 
less in proportion, as well as the power necessary to operate them. 
It is easy to calculate the theoretical loss of pressure on the 
piston with steam having a certain velocity through the ports. 
The weight of steam at 150 lbs. absolute pressure is 0*3377 lb. per 
cubic foot. The static head necessary to give, say, 1 lb. pressure 
per square inch is — 

^ = 427 feet, 



0-3377 
144 



and the theoretical velocity of flow is 8 J^27 = 165 feet per 
second. From this calculation it appears that steam velocities 
might be considerably increased above present practice with 
economical results, and the tendency is towards higher velocities. 
In an engine of the writer's design a mean steam velocity of 
250 feet was given. This engine was designed with Corliss 
valves in the covers. The ports were straight and only about 
1 inch long and the total clearance volume of the cylinder was 
1 *5 per cent, with a piston speed of 560 feet per minute. 

Having determined the area of the ports, the length must be 
fixed upon to find the width ; or, if the width be settled, the 
length is easily found. It is to be noted that the steam port 
should be equal in area to the amount given by the formula for 
exhaust — that is, in slide valve engines — as it is evident that the 
exhaust must pass through the steam port. Allowance should 
be made for any ribs which may be cast in the ports, as they 
contract the passages. 

Load. — In fixing the amount of lead, the chief point requiring 
attention is the piston speed. Other things being equal, the lead 
increases as the piston speed. Large clearance engines require 
more lead than Corliss engines. A common practice is to allow 
in medium-stroke engines ^ inch linear lead for every 100 feet of 
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piston velocity. In vertical engines the lead on the top side of the 
cylinder is less than on the bottom, for two reasons. Firstly, 
because gravity is against the piston, piston-rod, crosshead, and 
connecting-rod on the up-stroke; and secondly, because most of the 
vear in the joints of the link is in a downward direction. It is a 
common practice, when first setting vertical engines to work, to 
give on the top side half the lead given on the bottom end. 




Point of Cut*Off« — The percentage of cut-off with a common slide 
Talve may be from g to { of the stroke. Qreater expansion than the 
earlier cut-off given should be obtained by expansion valves; with a 
later cut-off than ^ there is likely to be excessive back pressure. A cut- 
off at 75 per cent, is very convenient; the exhaust and compression 
then being quite satisfactory, and the travel of the valve not abnormal. 

Having decided upon these points — namely, the port opening, 
the lead, and the percentage of cut-off — ^the design of the valve may 
.be at once proceeded with. 

Diagram of Simple Valve.— On a horizontal line A B (Pig. 1), 
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draw D for the position of the crank when steam shall be cat off. 
Erom 0, make O E equal to the lead, and draw E F perpendicular 
to AB. Draw BG parallel to EF, making EB equal to the 
required width of steam opening. Next, draw CH at right 
an(<les to OD, cutting the line EF at J. Bisect HJF by line 
J K. On J K find the centre of a circle which shall pass through 
C and touch the line B 0. Let L be the centre thus found. Then, 
in the diagram, LO or LG equals the throw of the eccentric, 
or half the travel of the valve; LH is the amount of outside 
lapy and LC is the position of the eccentric sheave relative to 
the position LM of the crank, LM being parallel to AB. On 
LC describe the primary valve circle CHL. This circle outs 
the lap circle HK in H. Draw the line LHR. This is the 
position of the crank when cut-off occurs. The line L B should be 
parallel to D ; and the fulfilment of this condition is a test for 
the accuracy of the diagram. 

That this construction is correct is proved by the following 
reasoning : — The line H is drawn at right angles to D ; and in 
the semicircle LHO, the angle CHL is a right angle (Euclid's 
Elements, Bk. iii., Prop. 31); LB is therefore at right angles to 
H C, and, consequently, parallel to D 0. 

Again, because the circle H K O is drawn so that the line H is 
tangent, the line L R is at right angles to that tangent (Euclid, Bk. 
iii., Prop. 18), and therefore parallel to the g^ven line of cut-off D 0. 

That the maximum port opening is equal to the given amount 
E B can readily be shown. The line E F is drawn at right angles to 
A B, and so is line B G. Therefore, E F and B G are parallel The 
line E F is also tangent to the circle K H O, by construction; and, 
therefore, since the half travel of a slide valve is occupied by lap 
and port opening, the distance L G is equal to the port opening plus 
the lap. But it has been shown that VG is equal to the port 
opening ; therefore L Y is the lap. 

The whole principle of the Zeuner diagram is directly founded 
on the 31st proposition of Euclid's third book ; and the truth of all 
diagrams can be proved by reasoning similar to that given above. 

Taking any position of the crank, as at LN, the condition of 
things is clearly shown by the diagram. The port will be open to 
steam an amount equal to O P, given by the distance between the 
la|) circle and the valve circle on the line of the then position of the 
crank. Also, at this position, the valve is distant to the left of its 
central position an amount equal to L P. At crank position L O 
the valve is at its greatest distance to the left of its central position, 
the port opening being equal to Q C ; Q being equal to E B as- 
arranged for. Again, at L B the valve has just closed the port ; 
L H being its displacement to the left of its mid position. At L & 
the valve has arrived at its central position and travels to the right 
until LK is reached. It now returns and arrives at its central 
position at L T ; the line S T being at right angles to L C. At L TJ 
the port is open ready for the commencement of the stroke. 
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Thus far only the action of the entering steam has been con- 
sidered. In order to sti^dj the exhaust, Fig. 2 is constructed. In 
actual working this diagram would not be drawn separately, but it 
is to facilitate explanation and aYoid confusion that two diagrams 
ha Ye been drawn in this instance. 

Make LO, LH, and angle CLU, respectiYoly, equal to LO, 
L H, and angle L TJ in the first diagram. Produce C L to Y, and 
on L V describe the secondary YalYO circle. Now, as the primary 
YalYe circle gaYe the port openings to steam for any crank position 




from T to S, so will the secondary YalYS circle giYe the port openings 
and YalYe positions for any point of the stroke from S to T, in the 
direction of the arrow. 

Taking a case in which there is no inside lap, at crank position 
LS, the YalYe is in its central position, as preYiously explained; 
and it is OYident that when it is in this position the YalYe is about 
to open for exhaust either one port or the other. L S, therefore, 
represents the position . of the crank when release occurs. The 
port is being opened from S to Y. Of course, the opening cannot 
exceed the width of the steam port^ so that, if from L as centre, an 
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arc A B be struck, the radius of which is equal to the width of the 
steam port, it is clear that the maximum port opening is attained 
at crank position L D, and this opening is maintained till L E is 
reached. At this point reduction commences and continues till 
LT. At LT the port is closed, and the steam remaining in 
the ports and cylinder is compressed until admission occurs 
at LU. 

Considering now the effect of inside lap, it will be observed that 
positive inside lap delays release and hastens compression ; while 




negative lap has the reverse effect in an equal degree. From L as 
centre, and with radius equal to the inside lap, either negative or 
positive, describe the circle MN. This circle cuts the primary 
valve circle at the points O and P, and the secondary circle at Q 
and R. From L draw lines passing through these points, and pro- 
duce them to the circle C D E. Then with positive lap, L I is the 
position of the crank at release, and L J its position at compression. 
With negative lap, L F is the release position, and L G compression 
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position. The same result may be obtained by a different method » 
On S and T as centres, and with radius equal to L N (the inside 
lap), describe the circles I F and G J. These circles cut the valve 
travel circle at points F G I and J, and these are the required points. 
In practice, however, it would usually happen that the points of 
release and compression would be decided upon. Then it would be 
necessary to obtain the inside lap to effect the desired result. Let 
F and G be the points decided upon. Join F and G by the straight 
line F N G. Then, if this line be parallel to S T, L N is the 
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required negative inside lap ; the circle M N having F N G as 
a tangent. If I and J were the points chosen, L M would be 
the necessary positive inside lap, the line I J being parallel 
to ST. 

This construction only applies to cases where the line joining the 
two chosen points is at right angles to the centre line of the valve 
circles ; and when this is not the case it is to be concluded that no 
amount of lap, neither negative nor positive, will effect the required 
distribution ; but it is easy to arrange matters so that the resulting 
distribution shall be a compromise between the two points. In 
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Fig. 89 A B represents the centre line of the valve circles, and 
O D is at right angles to A B. E and F are the chosen points for 
release and compression. But the line E F is not parallel to C D ; 
therefore this distribution is not possible. From E make E G equal 
to F D. Bisect the arc C O in H, and draw H J parallel to D. 
If the lap be made equal to K L, release and compression will be at 
H and J respectively ; and these points will be the nearest approach 
to the required distribution that it is possible to attain. When 
the line joining the two given crank positions intersects the 
primary valve circle the lap will be negative ; and when that line 
intersects the secondary valve circle the lap will be positive ; and 
when the line is at right angles to the centre line of the valve 
circles there will be no inside lap whatever. 

In Fig. 2^ if there be negative lap equal to L N, the port will 
be fully open to exhaust at crank position LW; the arc whose 
radius equals the width of the steam port minus negative lap, 
being struck from L as centre. L X is the point at which reduc- 
tion commences. With the same amount of positive lap, it is 
evident that the port will never be fully open to exhaust, as shown 
by the arc falling without the valve travel circle. 

Pereentasres of Release and Compression.— in determining 

the most suitable point for compression, the clearance is the chief 
point to consider. The most satisfactory way is to plot down the 
probable indicator diagram, and by means of the hyperbolic curve, 
to find a compression tliat will give a final pressure in the cylinder 
to balance the momentum of the moving parts. Having settled on 
this point, the valve diagram is drawn, and the release point finds 
itself. It is possible that release may fall before cut-off, in which 
case less compression must sufSce in order to cause release to fall 
later in the stroke. Release at 92 per cent., and compression at 
89 per cent., have been found very satisfactory for horizontal 
engines, with piston speeds of from 450 to 600 feet per minute, 
and with clearance volumes of from 5 to 10 per cent, of the piston's 
displacement. 

Another matter which, in high-speed engines especially, will 
influence the compression is the unequal inertia effects on the 
forward and backward strokes, due to connecting-rod influence. 
It is well known that the reciprocating parts attain their maxi- 
mum speed earlier in the forward than in the backward stroke; 
this means that the parts are hurled on the crank pin with 
greater force on the backward stroke, and, therefore, more 
compression is required on the back end. Sometimes a noisy 
engine may be considerably improved by a little adjustment in 
this direction. 

In high-speed vertical engines, it is the practice to give more 
compression on the under side of the piston, in order to counteract 
gravity. A compression at 82 per cent, on the bottom side is not 
uncommon in such cases. 
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Applleatlon of the Diagrram. — ^The practical application of 
the valve diagram is illustrated by Fig. 4. A is the width of the 
steam port as obtained by calculation. B may be any convenient 
dimension. Then should equal distance L C {i,e., half travel of 
valve, see Figs. 1 and 2) + A - B (Fig. 4) ± L; L being plus for posi- 
tive inside lap, and miniu for negative inside lap. When the port 
and valve faces are thus designed, the port opening through will 
never be less than the width of the steam port ; that is, assuming 
that the width of the bar, B, is less than L - L when there is 
positive lap; and LO + L when there is negative lap. The edge 
of the valve, D, must on no account slide past the outer edge 
of the port face, E. 

The following is a very useful extension of the Zeuner diagram 
for solving the foregoing problem : — 

Let A B in the upper diagram of Fig. 5 represent the position of 
the crank when it is desired to cut off. Bisect the angle B A G by 
the line A D. In the lower diagram, draw the circle E H equal to 
the assumed circle B D above. Make angles G F E and G F H 
both equal to angle D A B or DAG; and join £ and H by the 
line crossing the horizontal at K. From K, lay off K L equal to 
the required maximum port opening minus half the lead the valve 
is to have. Join G E, and draw L M parallel to G E, cutting H £ 
produced, in M. From M draw the horizontal M R, intersecting 
F £ produced, in E. Then F B is the half travel of the valve. 
Draw the circle BSW. From W, lay off the maximum port 
opening W V, which discovers the lap F V. Draw the lap circle ; 
and make Y N equal the given lead. Draw the perpendicular N X. 
Then FX is the eccentric position when the crank is on dead 
centre; and drawing the valve circle having F X as a diameter, will 
show the steam action. In the figure, admission is seen to be at 
F U, and cut-off at F S, and F S is parallel to A B above. 

Divided Valves. — ^When the stroke of an engine is very long 
in proportion to the diameter of the cylinder, the clearance with a 




slide valve is great This clearance, however, may be considerably 
reduced by placing a valve at each end of the cylinder. Fig. 6 
shows such an arrangement. The section of the front valve is taken 
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throQgh ihe boss for spindle ; whilst the back is shown by a section 
above the spindle, and shows the dish-shaped form of the valve. 
The proportions of the port and valve faces are here given. 

A s: width of steam port. 
B = half travel of valve. ' 
C = half travel of valve + } inch to 1 inoh. 

A case may frequently arise in which the travel of the valve, lap, 
and lead are known, and it is required to find the points of cut-off, 
release, and compression. This problem presents itself when the 
actions of existing valves are being considered, so that alterations 
can be made should the steam distribution be found unsatisfactory. 

Valve Diagram.— On A B (Fig. 7) draw the circle A B C D, 
equal in diameter to the given travel of the valve. From centre 



Fig, 7. 




E, and with radius equal to the given outside lap, describe the 
circle F G. From centre A, and with radius equal to the given 
lead, describe the circle. The line H J drawn as a tangent to the 
lap and lead circles cuts the circle A B C D in H and J. £ H is the 
position of the crank when admission takes place, and E J is the 
crank position at cut-off. From E, set off R L equal to the lead. 
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and erect a perpendicular L M. Join E and M. Then E M is the 
poAition of the eccentric sheave relative to the position of the crank 
£ B. Produce M E to N, and on line M N describe the primary 
and secondary valve circles. The completion of the diagram is now 
a simple matter, and it will suffice to say that E O is release point, 
and E P compression point, the valve having no inside lap. The 
arrow indicates the direction of rotation, or rather the direction in 
which the steam distribution is traced; and although the eccentric 
is spoken of as being at E M, it should be remembered that this is 
its position relative to the real position of the crank E B, as said. 
To show the eccentric relative to the crank when at A E, the line 
E TJ is drawn ; angle E U being equal to angle GEM. 

In all cases connected with the ordinary slide valve, it is well to 
remember that the crank being on dead centre, the centre of the 
eccentric sheave is in advance of the crank by 90 degrees pltu the 
angle necessary for lap and lead ; and further, if the valve had 
neither lap nor lead, the eccentric sheave would be at right angles 
to the crank and leading. 

If the distance A B be taken to represent the length of the con- 
necting-rod, and to the same scale B Q be made equal to the length 
of the crank, the distance of the piston from the beginning of the 
stroke for any crank position is given by the distance between the 
valve travel circle ABO, and the circle Q R A, on the line indicat- 
ing that position. Thus, at crank position E J, J B is the distance 
of the piston from the beginning of the stroke. Similarly, the 
circle Q T S gives the distance of the piston from the end of the 
stroke for any crank position. At crank position E J, R T is the 
distance of the piston from the end of the stroke. JR-fRT^BQ, 
wherever J R and R T may be. 

Effect of Conneetingr-Bod and Equalisation of Steam 

Distribution. — In all previous diagrams the angularity of the 
connecting-rod has been neglected ; but in most cases it is necessary 
to take this angularity into account. The Zeuner diagram admits 
of this, but not of that of the eccentric-rod ; the ratio of the length 
of the eccentric-rod to its travel, however, being in most cases 
great may be neglected. The effect of connecting-rod angularity 
is to cause events in the forward stroke to occur later than the 
corresponding events in the back stroke. Thus, a connecting-rod 
of five cranks in length would cause a cut-off at 75 per cent, in the 
forward stroke to occur at 68*75 per cent in the back stroke ; and 
with a shorter rod the difference would be greater. It is possible to 
equalise these events. It is also possible to equalise release 
and compression; and Fig. 8 shows how this may be done. 
Let A be the crank position at release for the forward stroke. It 
is required to cause release in the back stroke to occur at the same 
fraction as in the front stroke. Produce the line F Q, and with a 
centre somewhere on this line describe the arc A D, the radius of 
which bears the same ratio to distance A C, as the connecting-rod 
bears to the crank. F Q representing the stroke of the engine, it is 
evident that the piston has travelled a distance GD from the 
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beginning of the stroke when release occurs; and AC is the 
corresponding crank position for this point. From G, make G E 
equal to F D. With centre on F G produced draw the arc E H. 
Produce G A to B. The distance B H will represent the difference 
between the inside lap of the front end of the valve and the inside 
lap of the back end For example, suppose that in order to release 
at A C in the front stroke no inside lap were required ; then the 
back end of the valve woold have no lap, for it is the back end of 
the valve which controls the forward stroke. But if release is to 
occur at H in the backward stroke, the front end of the valve 
must have positive inside lap equal to B H, because the front end 
controls the backward stroke. 




Dealing now with compression, it will be observed that if B 
represent the crank position when this event takes place, the piston 
will be distance G J from the end of the backward stroke ; F G 
representing, as before, the whole stroke. From F, make F L equal 
to GJ, and draw the arc LK. Produce OB to A. Then AK 
will be the difference between the inside laps of the valve in order 
to equalise compression. In the present instance B H « A K ; 
therefore both compression and release are equalised. 

It has been mentioned that cut-off maj be equalised. Fig. 9 
shows how this mav be effected : — B is the position of the crank 
at cut-o£^ in the forward stroke. A is the centre line of the 
eccentria Produce A C to D ; and on A D describe the valve^ 
oiroleB. F is the lap circle for the back end of the valve. With* 
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the length of the connecting-rod as radius, draw the arc BG. 
Make J K equal to E G, and draw the arc H J. Join C and H. 
Where OH crosses the secondary valve circle (this circle heing 
really the primary circle for the back stroke) describe the circle 
L O, the radius of which will be the necessary outside lap for the 
front end of the valve. Equalisation of cut-off has been obtained 
at the expense of unequal port openings (F A .being the amount for 
the back port, and OD the amount for front port) and unequal 
leads. This is a serious objection; hence, equalisation of cut-off 
with the common slide valve is never attempted in pi-actice. 

Fig, 9. 




Ellipse Diagrram. — A convenient way of studying the action 
of the slide valve is to plot the motion of the piston as abscissa, 
and that of the valve as ordinate. On a horizontal line (Fig. 10) 
draw the path of the crank pin to any convenient scale, and divide 
it into any number of equal parts. On the horizontal line, and to 
any convenient scale, draw the eccentric circle. Make the angle 
G C a equal to the angular advance of the eccentric. From a divide 
the circle into equal parts to correspond with the crank-pin circle. 
Draw the arcs for the connecting-rod and the eccentric-rod, the 
centre line of the eccentric-rod, A B, being at right angles to the 
centre line of the crank-pin circle, A G. Starting at point a on the 
crank-pin circle, erect a perpendicular a 1. a' is the corresponding 
eccentric position, and D will be the valve position. Project D 1 
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horizontally, meeting the vertical a 1 at 1. The first point in the 
curve has now been obtained. Repeat the process for each position, 
and draw a fair curve through all the points thus found. This 
curve ia called the valve ellipse. Draw E F parallel to a G, and 




remote a distance equal to the outside lap. This line cuts the 
valve ellipse at points E and F. E is the point at which admiaaion 
occurs ; and F is the point of cut-off. Projecting these points to 
the line a O, which represents the stroke of the piston, their per- 
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centages may be easily obtained. When the piston is at a — that 
is, the beginning of the stroke— the valve will be distant^ a E, from 
its mid position. Again, at piston position, H — ^the projection of 
F — H F is the displacement of the valve from its central position, 
and the port is just closed to steam. If J K be parallel to a G, and 
remote a distance equal to the positive inside lap, K and J will be 
the points of release and compression respectively. For negative 
inside lap, L M would be drawn above a G ; ana L and M would 
be the points of compression and release respectively. The upper 
shaded portion of the figure will give the port openings to steam 
for any crank position ; whilst the lower shaded portion illustrates 
the opening to exhaust. 

It is evident that this diagram is not suitable when designing 
new valves, but for tracing the action of existing gear, where the 
travel of the valve and the angle of advance are known, it is very 
convenient, inasmuch as it permits of both connecting-rod and 
eccentric-rod being taken into account. This is the only advantage 
over Zeuner's diagram. 

Section on Y 2 
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Doable-Ported Valve. 

Double-Ported Valves.— Cylinders of large size require porte 
of considerable width ; and consequently, the necessary travel of 
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the valve becomes excessive. Other things being equal, the work 
required to actuate the valve varies directly as the travel ; hence 
it is desirable to make the travel as small as possible. The double- 
ported valve gives twice the steam opening of an oitlinary valve 
with the same travel, and is much used for large cylinders. The 
valve diagram is drawn exactly as for an ordinary valve. The port 
openings and lead, however, will be twice the amount shown by 
the diagram. An example of a double-ported valve is given in 
Fig. 11. The correct proportions of the port and valve faces are 
here given : — 

A = half total width of required exhaust opening. 

C s 2A + half travel of valve ± inside lap (+ L for positive lap» — for 

neg.) - B. 
E ss half total width of required steam opening. 
F = half travel of valve. 
D = B + G + F + outside lap. 
J =A. 
H = 2A. 

Area of passage K = area of one steam port. 

M =5 not less than A ; preferably more. 
B and G, of oourse, are empiricaL 

The figure shows a valve suitable for a vertical engine. The 
spindle is prolonged to carry a balance piston at the top of the 
steam chest. The chipping strips at the entrance of the valve 
ports not only facilitate the finishing up to the exact sizes, but 
give an increased area for steam through the valve. This is an 
advantage ; for it is evident that the boss round the valve spindle 
reduces the area of these passages The chipping pieces compensate 
for this reduction. 

Tlids: Valve. — Fig. 12 shows a form of slide known as the 
trick valve ; a design which gives a better steam opening than an 
ordinary valve. An inspection of the figure will render its action 
apparent. E is a passage in the valve which will admit steam from 
the left-hand side of the valve to the right-hand port, or from the 
right-hand side of the valve to the left-hand port, when the edge 
of the valve T slides past the end of the port face. The port and 
valve faces are so disposed that at the instant this occurs, the 
port will also be opened by the edge F, thus admitting steam 
as an ordinary slide valve. The proportions of this valve are as 
follows : — 

B » half required width of port opening. 
As 2B + 0, if suffioient for exhaust 

L is tiie outttde lap, as obtained from valve diagram. 
D=L. 
M = half travel of valve. 

Area of passage E = half area of port opening. 

It is important that the edges H do not open the port before 
the edges G have dosed ; otherwise, the steam in passage £ will 
be lost at each stroke. When the above proportions do not admit 
of this, B may be reduced the required amount, the reduction being 
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compensated by an increased opening past the edge F; which means 
a little extra travel. If the point of cut-off is to be maintaioed, the 
increased travel will alter the lap; and it is probable that the ports 
will have to be re-arranged to suit the altered circumstances. 

The valve diagram calls for no comment, except that the true 
port opening is not the amount shown bj the figure. The lead is 




Trick Valve. 

twice the amount shown. An equalisation of release and compres- 
sion has been obtained by inside lap on the front end of the valve. 
The trick valve should have chipping strips at the edge of the ports 
in order to compensate for the reduction of area due to the boss of 
the valve spindle. 

Thomas Trick Valve. — Thorn's patent trick valve is an ingenious 
and useful invention, and has been successfully applied to many 
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low-preBBure cylinders of marine engines. In Fig. 13, the valve is 
shown in its central position, and the corresponding position of the 




Thom*B Trick Valve- 
piston is also indicated. Under these conditions, steam is entering 
from the top, through the patent passage, to the bottom side of the 
piston. A slight movement of the vsklve in the upward direction 
will destroy this connection ; and the piston, continuing its down 
stroke, will compress the steam remaining in the cylinder and port 
at the bottom end. When it is remembered that the terminal 
pressure of most condensing engines is very low, the difficulty of 
obtaining satisfactory compression will be appreciated, and the 
advantage of this valve is, that it substitutes steam of a pressure 
equal to that at release point, in place of a vacuum that approxi- 
mates to that of the condenser. A proper compression is thus 
obtained, the ports are hotter at the commencement of the next 
stroke than they would otherwise be, and hence there is less con- 
densation ; and a saving of steam at release point pressure, and in 
volume equal to the capacity of the ports and clearance, will be 
effected at each revolution. 

The proportions of this valve may be as follows : — 

B s lap as obtained from diagram. 

C = half required width of port opening (steam). 

A = 20 + O. 

K:=B. 

I) + E = necessary width for exhaust. 

F = half travel of valve + say i inoh for tightness. 

It will suffice if the communication between the ends of the 
cylinder occur when the valve has moved in a position in which 
the exhaust has closed by about f of an inch. The accompanying 
diagram will illustrate the action. Let D represent the travel 
of the valve and also the stroke of the piston. Let H £ be the 
position of the crank when compression commences, the direction 
of rotation being that indicated. The corresponding position of the 
piston is A. Make E F equal to the desired cover of the valve 
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before communication takes place. H F is the crank position, and 




B the piston position when communication takes place. Let F Q 
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equal H (Fig. 13), the distance between the edge of the valve J 
and the edge of the port. Then communication will exist while 
the crank is travelling from F to G, and the piston from B to J. 

Valve Diagram for Tandem Engines.— In tandem engines, 

where the valve of the back cyliuder is worked by a prolongation 
of the valve spindle of the front cylinder, it is evident that the 
travels and the advance angles of the two valves will be the sama 
Suppose the front valve already designed. Having decided upon 
the lead of the back valve, all necessary data are to hand for the 
construction of a diagram. From O as centre, draw the valve 
travel circle A B D. Draw O A, the given position of the eccentric 
in relation to the real position of the crank O B. Draw A per- 
pendicular to B D ; and from e, mark off E, equal to the lead. 
£0 will be the lap. Draw the lap circle. Describe also the valve 
circle, giving by its intersection with the lap circle, the position of 
the crank at cut-off OF. E D is the maximum width of steam 
port opening; the area of which being known, the length is ob- 
tained. Should this be found inconveniently long, a trick valve, 
or a double ported valve, would perhaps set matters right in this 
respect ; or the front valve ports might be altered so as to overcome 
the difficulty. O F also may be found unsuitable; in which case, a 
compromise between the two cylinders may be effected, in order 
that this objection may be removed, or at least mitigated. 

Valve Spindles. — The determination of the size of valve spindles 
requires careful consideration, in order that they may perform their 
work without trembling or buckling. 

Let M m ooeffiolent of friction between valve and port taces. (Take 0*2, 
which allows for weight of valve and friction of stuffing boxes.) 
P s pressure of steam in valve chest, in lbs. per sq. inch. 
S = working stress on valve spindle at smallest diameter. (6000 to 

6000 lbs. per sq. inch for steel ; 4000 to 5000 for iron.) 
A ss fall area of back of valve in sq. inches. 

« p A 

Then area of spindle at smallest diameter = i--^ — ; which rule 

agrees closely with practice. But this rule must not be applied 
in every case ; for other considerations may modify the dimension 
thus found. In cases where the distance from Uie valve to the 
spindle guide is considerable, and where the eccentrics are not in 
Ime with the valve spindle, which would cause a bending action 
on the latter, it would be advisable to exceed the dimension found 
by formula. This rule does not indicate the actual force required 
to move the valve, which is generally much less tban the amount 
expressed by the formula ; but it gives a result sufficient to cover 
such occurrences as temporary failure of lubrication and undue 
tightness of glands. 

The following table, collated trom actual practice, will serve to 
show the effect of various conditions that influence the dimensions 
of valve spindles : — 
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Valve Plus. — in consequence of the slight movement on the 
pins of ordinary valve gears a large surflBMse pressure may be allowed. 
1500 lbs. per square inch of surface is frequently taken, but this 
figure should be used with caution, and varied according to circum- 
stances. Where the reciprocations exceed 500 per minute this 
pressure would be found too great, and 1100 would agree more 
dosely with practice. The surface being understood to denote the 
length of the pin multiplied by the diameter, it follows that A being 
the area of the valve, P the maximum pressure of steam in the 
valve chest, fi the coefficient of friction, and p the surface pressure 
allowed, the surface of the pin will be — 

AP/i 
P • 
Also, if D and L equal the diameter and length of the pin, 
respectively, 

ph * pD. 

The proportion of D to L may be as 1 : 1*25. Then, 

IaFIT 
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Balanced Valves. — Fig* 16 shows a modem form of relief ring 
for a large slide valve. The packing consists of a series of wedge- 




Modem Form of Relief Ring. 



shaped rings, which are held against the relief ring by a series 
of springs arranged round the circumference. The life of the rings 
is regulated by a number ot screws also arranged circumferential ly, 
and alternating with the springs. Tightness between the valve 
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and the ring is obtained by a scraped joint, the necessary pressure 
between the faces being given by the above mentioned springs. 
The space A is either connected to the condenser, or provided 
with a cock opening to the atmosphere,' as circumstances permit, 
80 as to avoid an accumulation of pressure inside the relief ring. 

In Fig. 17, a single spider spring is employed to give pressure 
between the joints, and circumferential tightness is obtained by 
a bored ring pinned to the valve. 




Common Relief Frame. 

In practice it does not appear that the presence of a balancing 
ring reduces the diameter of the valve spindle to any appreciable 
extent ; it being considered unsafe to rely upon the former relieving 
the valve, so that in the event of the relief ring becoming in- 
effective the engine may still be run with safety. 

Piston Valve. — A more effectual way of avoiding excessive 
friction of the valve gear is by the use of a piston valve. The first 
cost, however, is excessive, and its use entails large clearances. 
Fig. 18 is given as an example of a piston valve. 




PiBtoD Valve. 
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The design is adapted for working with saperheated steam, and 
it will be noticed that a loose liner is fitted and held in place by 
adjustable screws in the top cover, and is thus free to expand 
without distortion. The joint is made by a ring of asbestos at 
each step in the liner. The rings are solid and float in the piston 
between the scraped faces formed by the body and the junk rings. 

Hg 19. 




Common Pieton Slide Valve. 




These junk rings are held in place bv a number of studs having 
special provision to prevent shaking loose, a very necessary pre- 
caution for higher speeds. The steam enters between the steam 
ports, and the exhaust is at each end. With this arrangement the 
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real position of the eccentric in relation to the position of the 
crank will be directly opposite the position indicated in the valve 
diagram ; that is to say, the eccentric will follow, and not lead the 
the crank. 

In Fig. 19 is shown another form of piston valve. The two 
pistons are part of a cylindrical casting carrying losses through 
which the valve spindle passes, and to which it is secured. The 
packing of the pistons consists of metallic spring rings held in 
position by junk rings at each end of the valve. To prevent the 
rings springing into the ports diagonal bars are cast round the 
entrance of the latter. These bars, of coarse, contract the steam 
passage, and in calculating the area of steam and exhaust openings 
should be allowed for. The usual practice of having loose liners 
for the working barrels is followed ; and the balance piston relieves 
the link motion of the weight of the valve spindle and other 
details 

The valve diagram is appended (Fig. 20), but as the construction 
is exactly similar to that of the slide diagram, it is unnecessary to 
enter upon an explanation. An inspection of the figure will show 
the cut-off is at A B — about 75 per cent. — and compression and 
release are at A C and A D respectively. 
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CHAPTER II. 
SLIDE EXPANSION GEARS. 

GoNTSNTS. — Expansion Gears - Diagram for Expansion Yalves — ^Applioation 
of EUi]^ Diagram to Expansion Gears— Valve Diagram — Design of 
Expansion Valyes — Meyer Eixpansion Gear — Rapid and Sluggish Gat-ofis 
— Application of the Diagram — Expansion Regulator—Meyer Gear with 
Inside Cuttins Edges — Double-Ported Meyer Gear— Reynold's Valve 
Diagram, for Single Valve, and for Meyer Gear — Classes of Automatic 
Expansion Gear — Hartnell's Governor — Diagram for Link Expansion 
Gear — Application of the Diagram — Ruston-Proctor's Expansion Gear — 
Crank Shaft Governor Expansion Gear — Westinghouse Governor — Robin- 
son's Shaft Governor — ^Importance of Sufficient Range. 

It has been remarked that for an earlier cut-off than | stroke, an 
ordinary slide valve is not suitable. In order to obtain satisfactory 
efficiency of steam at pressures now oommon, it is necessary, even 
in compound engines, to cut-off at a much earlier point in the 
stroke than can be suitably effected by a single valve; and the 
problem of attaining the required degree of expansion without 
disturbing the proper points of release and compression presents 
itself. The mechanism employed to attain this end is termed 
Tlxpansion Gear. 

Expansion Gears* — Expansion gears may be classed under 
three heads : — 1. Expansion gears in which the cut-off is fixed. 
2. Expansion gears in which the cut-off is varied by hand. 3. Ex- 
pansion gears in which the cut-off is automatically controlled by 
the engine through the operation of a governor. 

Fixed expansion gears, except in combination with a governor 
acting on the throttle system, or for the low-pressure cylinders of 
compound engines) are now little used, and are only suitable for 
engines having a definite and unvarying load, which condition 
very rarely obtains. However, as the consideration of this class 
embodies the principle of most expansion gears, it will be con- 
venient to investigate it in the first instance. 

In Fig. 21, A is a slide valve having steam ports B B formed at 
each end. This valve is virtually an ordinary slide, with the addi- 
tion of the ribs 0, which form the outer side of the steam ports 
B B. Sliding upon the back of this valve is the expansion valve 
D, driven by a separate eccentric, the sole function of which is to 
control the admission of steam. It is easy to see that by arranging 
the eccentrics in a proper manner, the expansion valve can be 
made to slide past the outer edges G G of the ports B B, at any 
desired point in the stroke. 

Diagram for E^ansion Valves.— Before considering the 
expansion valve, the main valve must be designed. This is done 
exactly as in the case of an ordinary slide valve. As release and 
compression are the only functions controlled by this valve, it 
should be designed with reference to these points as in Fig. 8, the 
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cut-off being left to fall where it will. The width E equals that 
of the maximum opening to steam, as found by calculation. The 
width of the bar C is empirical. 

Fi^ Zl. 




Slide Ezpanaion Valve. 

In Eig. 22 let A B represent the position of the crank, and A 
and AD the positions and throws of the main and expansion 
eccentrics respectively. Join G D, and draw E equal and parallel 
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to A D. Produce A E to F. On A E and A F, describe circles as 
shown. These are known as resultant circles ; and in the manner 
in which the primary and secondary valve circles illustrate the 
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action of the simple valve, these resultant circles give the motion 
of the expansion valve relative to the main; and this relative 
motion is such as would he obtained by an eccentric whose throw 
and position are given by the line A E, when the main valve is 
supposed to be fixed, and in its central position. 

In this instance the peculiarity of the Zeuner diagram is still 
present. The real position of the crank relative to the eccentrics, 
A and A D, is A B ; but in tracing the action of the steam, the 
motion is supposed to be in the direction of the arrow. 

In each diagram, unless there is a direct statement to the con- 
trary, the arrow shows the asmmedj and not the real direction of 
rotation. 

The motion will now be traced throughout a complete revolution. 

Starting at the beginning of the forward stroke, the assumed 
orank position being A G, the expansion valve will be distant A H 
to the left of its central position on the main valve ; which distance 
is given by the intersection of the orank position and the secondary 
resultant circle. The expansion valve continues to move from left 
to right until A J is reacned ; at which point it arrives at its central 
position relative to the main valve ; that is to say, the centres of 
the two valves will coincide, and will have, relative to one another, 
the position shown in Fig. 21 ; but Fig. 21 does not show their 
true position relative to the cylinder ports. A J is at right angles 
to AF. The expansion valve now travels to the right of its relative 
central position until A £ is reached, at which point it attains the 
end of its relative travel to the right. At AB, the expansion valve 
is still to the right, as shown by the intersection of the crank with 
the primary circle. At A K, relative mid position is again reached ; 
and when the crank is at A F, the valves are at their maximum 
distance apart. This displacement now decreases, and at A G the 
revolution is completed. 

In order to show that the resultant circles give exactly the 
action of the two valves relative to one another, draw on A and 
A D the main and expansion valve circles. Take any position of 
the crank, say AC. The intersection of the crank line with 
the main eccentric circle AG shows the distance of the main 
valve to the left of its central position on the ports, as explained 
above ; and the intersection of the crank line with the expan- 
sion eccentric circle also shows the distance of the expansion 
valve to the left of its central position. The distance apart of 
the two valves relative to each other is obviously C L. The crank 
line AC intersects the resultant circle in M, also showing the 
distance apart of the two valves. It remains to show that 
A M B C L. Join E M and D L. Then, because E A was made 
parallel and equal to C D, the angle E A C is equal to the angle 
A CD; and the angles EM A and DLC are right angles and 
e<^ual to each other (Euclid, Bk. iii, Prop. 31). Then, in the 
triangles EM A and DCL, because the side EA — the side CD 
(by construction) and the angle E M A «» the angle C L D, and the 
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angle E A M » angle LCD, the side A M » the side C L (Prop. 26, 
£k. i., Euclid's Elements). 

By reasoning similar to the above, the resultant circles can be 
shown to give exactly the relative positions of valves for all posi- 
tions of the crank, and for any form of expansion gear operated by 
eccentrics in the ordinary manner. 

Now, consider the effect of altering the throw and position of the 
expansion eccentria In Fig. 23 let O A and O B represent the 

r/9 23. 




main and expansion eccentrics, and O D the real position of the 
crank. Then will be the line giving the resultant circles. 
Let the expansion eccentric be advanced to O B^ Then O O' is 
the centre on which the resultant circles are described. The 
expansion valve will therefore attain its central position on the 

^>9 24. 




main valve earlier in the stroke, and the relative travel of the 
valves will be greater. 

In Fig. 24 O D is the real position of the crank; O A is the main, 
and O B the expansion eccentric. O is the centre of the resultant 
circle. Let the travel of O B be reduced to O B'. Then O 0' will 
be the altered position of O O. The expansion valve will therefore 
attain its central position on the main valve earlier in the stroke, 
but the relative travel will be less. 
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Application of Ellipse Diagram to Expansion Gears.-- 

The resultant circles can be reduced to an ellipse. It will be seen 




by an inspection of Fig. 25, that the angle of the centre line of the 
resultant circles is put back 90* from its real position in a similar 




manner to the advance angle in the simple yalve ellipse diagram. 
In the present figure, A and B are shown to be central positions; 
4 and 8 extreme positions. 
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In order to consider the effect of lap, let L in Fig. 26 equal 
the dimension L in Fig. 21. From O, draw O A D. This line will 
represent the position of the crank when the expansion valve has 
closed the port in the main valve. Again, suppose L is positive. 
The expansion valve would then have the form shown by the dotted 
lines in Fig. 15; and L' (Fig. 21) would equal L (Fig. 26). Where 
the circle ABO cuts the secondary resultant circle, draw the line 

E. This line is the position of the crank when cut-off takes 
place; the lap being positive. The following statements are 
deducMMl from the foregoing observations: — ^T^en the Up is 
positive, the point of cut-off is given by the intersection of the lap 
circle with the secondary resultant circle. When the lap is 
negative, the point of cut-off is given by the intersection of the lap 
circle with the primary resultant circle. When there is no lap the 
point of cut-off is given by a line at right angles to the centre line 
of the resultant circles. 

In the valve ellipse diagram, if the lap be negative, draw C D 
parallel to, and remote a distance equal to the lap, above the line 

1 -5. The line D crosses the ellipse at 0. Then C' is the position 
of the piston at cut-off; 1*5 representing the whole stroke. Let 
the lap be positive. E F is then the line that determines the point 
of cut-off, it being drawn below the line 1*5. E' denotes the piston 
position at cut-off. 

Having premised these introductory remarks, the actual design 
of the valves will now be considered. 

Valve Diag^l^ani. — On the diagram of the main valve draw the 
crank position when it is desired that the expansion valve shall 
cut-off. In Fig. 27, O A is the line. The position and throw of 
the expansion eccentric are not determined by any exact construc- 
tion. The travel is usually made greater than that of the main 
valve. T x 1*2 is good practice; T being the travel of the main 
valve. As to the angle of advance, it has been shown that 
increasing this increases the diameter of the resultant circles ; so 
that other things being equal, the cut-off will be quicker. Hence, 
in practice, it is found that the angular advance is considerable. 
Eignty degrees in advance of the main eccentric is very suitable, 
but some makers have a constant angle, which in several cases 
is 90* ; that is, directly opposite the crank. 

Let OB (Pig. 27) represent the throw and position of the 
expansion valve eccentric decided upon. Draw the resultant 
circlea The secondary circle intersects OA at 0. 00 is the 
amount of positive lap on the expansion valve. 

When the cut-off is nearly at right angles to the centre line ot 
the resultant circles, it becomes difficult to see the exact point at 
which intersection takes place. If, however, a circle be described 
on the expansion eccentric line O B, the difficulty can be avoided; 
for the distance 00 is also given by the distance between the 
intersection of the main valve circle with the cut-off line, and the 
intersection of the expansion eccentric with the same line. In the 
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figure, D and E are the points of intersection ; and D E equals O 0. 
Take another position, say OF. O G is the necessary lap, which is 
also given by H F. Here the lap is negative. 

With regard to the port opening for any particular crank 
position, it is evident that when the lap is positive the port opening 
is given by the distance between the expansion valve lap circle, 
and the intersection of the resultant circle with the crank line. 
Thus, in crank position O J, the port opening is K L. But the 
actual port opening can never be greater than the width of the port 
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through the main valve ; so that it would be more correct to say 
that K L is the distance of the edge F (Fig. 21) from the edge of 
the main valve port B. Suppose the lap O is negative. Then 
the distance of edge B from edge G, would be L O + O K, for the 
crank position O J. 

Desigrn of Expansion Valves.— Referring now to Fig. 21, it 

will be noticed that the expansion valve is not machined the whole 
length of the face, but only for a width, H, past the edge of the 
port in the main valve. In order that steam shall not enter the 
port B from the inner edge of the fikse of the expansion valve, the 
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distance H should be at least equal to the diameter of the resultant 
circles, which giro the amount of relatire motion of the two valves. 
In expansion gears of this class, the cut-off should be equalised 
by giving unequal laps to the expansion valve. The required 
amount of lap for each end can be found bj drawing in the crank 
position on the return stroke corresponding to the same piston 
position at cut-off in the forward stroke; and the intersection of this 
line with the resultant circle indicates the lap required to make the 
cut-off fall at the same period as in the forward stroke. The. 
angularity of the eccentric- rods has a disturbing effect, which is 
generally too slight to be regarded. 




Meyer Expansion GeaP.— This is by far the most oommoik 
of the variable hand expansion gears. The range of expansion i» 
obtained by varying the lap of the cut-off valves. 

In Fig. 28, O A is the real position of the crank relative to the 
main eccentric OB. LL is the outside lap circle of the main 
valve, and cut-off occurs at O C. Decide upon the travel of the 
expansion valve, and from O as centre, and with radius equal to 
the throw of the eccentric, describe the circle A E D. Draw B D 
parallel to O C ; and Join O and D. Then D is the position of 
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the cut-off eccentric relatire to the position of the crank O A. By 
this oonstmction the centre line of the primary resultant circle will 
coincide with the line of the main valve cut-ofil The position O D 
is not imperative; but for reasons which will be made known 
shortly, it is a most convenient setting. 

Now the nut of the expansion plate B (Fig. 29) being screwed 
by a right-handed thread, and the nut of plate C being screwed 
by a left-banded thread, the plates can be made to approach to or 
recede from one another, according to the direction of rotation of 
the valve spindle. This movement of the plates will alter the 
point of cut-off to any desirable extent. 

Let the required range of expansion be from the beginning of 
the stroke, to the point of cut-off by the main valve. 

To find the position of the expansion plates relative to the main 
valve, it is only necessary to draw the crank line for the required 
point of cut-off; for its intersection with either of the resultant 
circles determines the position. Take the position of the crank 
O E (Fig. 28). The line O E cuts the secondary resultant circle at 
F. O F is tne required positive lap ; or the amount that the edges 
J, of the plates B and C, overlap the edges K of the main valve, 
when B and are central on the main valve, which position is 
shown in Fig. 29. 

Take the point of earliest cut-off G (Fig. 28). Here O H is 
the required positive lap. At the latest cut-off 0, the lap will be 
O 0, and as O intersects the primary resultant circle, it will be 
negativa It follows, therefore, that O H + is the movement 




i 

Meyer Expannon Gear, 
of each plate on the spindle, in order to vary the cutroff from O G 
The reason for choosing 00 for the centre line of the resultant 
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circles will now be seen. At crank position C the expansion 
plate will be at its extreme position to the right, relative to the 
main valve. But the negative lap necessary for this grade of 
expansion is equal to OG, so that it is evident the plate will 
re-open the port immediately after O C. The main valve, however, 
has cut-off at the same instant ; therefore, re-opening by the ex- 
pansion valve will not affect the efficiency of the gear. The latest 
])ossible cut-off by the expansion valve is given by the centre line 
of the primary resultant circle. When this centre line falls on, or 
after, the line of main valve cut-ofi^ re-openings as previously stated, 
is immaterial. For example, take a crank position O J. OK will 
be the negative lap. The plate attains its extreme relative position 
at 00. It will now recede and re-open the port when OM is 
reached, but as cut-off by the main valve has already occurred, this 
re-opening is of no consequence. 

Rapid and Slunrish Cut-offs. — ^A further study of the dia- 
gram (Fig. 28) will show that the two valves are moving at their 
minimum relative speed at 0, hence the most sluggish cut-off will 
be obtained when the crank is at O 0, the valves having a negative 
lap equal to O 0. A line at right angles to O will give the crank 
position when the cut-off is most rapid, and at that point the cut-off 
valve will have neither inside nor outside lap. This is a point well 
worth noting, and applies to most classes of slide expansion gear. 
In link expansion gear the best results will be obtained when the 
expansion valve has no lap, the cut-off then being at the instant of 
most rapid relative movement for all positions of the die in the link. 

Applieation of the Diagrram. — Another way in which the 
port in the main valve may be re-opened is by the edges F of the 
cut-off plates sliding past the edges G of the main valve. 

Let P = diameter of resultant circles. 

W = width of port in main valve (E in Fig. 29). 
L = lap of expansion valve for earliest cut-off. 

Then, in order to avoid this re-opening, the width A (Fig. 29) 

Bhouldbe P + w±L. 

For positive lap take + L ; and for negative lap - L. 

It is necessary to add a little extra width to the dimension 
given by the foregoing expression to ensure tightness. A quarter 
of an inch will in most cases be sufficient addition, allowing, of 
course, for any inequality of lap due to connecting-rod influence, 
as previously explained. 

The diagram shows that O (Fig. 28) is the greatest negative 
lap. The dimension £ in Fig. 29 must be great enough to allow 
of both plates being set to this negative lap Therefore, E must 
not be less than 2 A + twice the greatest negative lap. In some 
cases it may be necessary to slope the ports in order to obtain E. 
Fig. 30 illustrates a case in point. 

Expansion RegfUlator. — In order that the spindle of the cut- 
off vidves may be revolved to vary the expansion, it is prolonged 
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through a stuffing box at the back of the valve ohest ; and has a 
wheel at or near the end of it. An index is usually provided, to 




in(^icate the ^ade of expansion. Fig. 31 shows a neat arrange- 
ment of cut-off regulator. In this design the wheel is keyed on 
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Expansion Regulator. 

the brass sleeve A, the latter being mounted on the vahre spindle 
by means of a feather key, thus permitting of a horizontal mover 
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ment of the valve spindle, whilst the regulating wheel is at rest. 
The brass plate B is stamped, so that the finger correctly indicates 
the grade of expansion. The minimnm length of the slot in the 
regulator is given by the expression 

X + MN^ 
n 

Where T s thickness of finger nnt (D in Fig. 81). 

M = movement of each plate in varying the cutoff from earliest to 

latest. 
N := number of threads per inch in nut of ont-off valves, 
n = number of threads per inch on sleeve of regulator. 

The joint of the expansion-valve spindle with the eccentrio-rod 
must be of such design as will allow the spindle to turn freely 
round. 

Meyer Gear with Inside Cuttingr Edges.— Some Meyer 

gears are arranged to cut off by their inner edges, in which case 

Fig. 82. 





Cut-Off Edgms 

EaHiest Cuf^Off Moan Cuh-Off Late Cut- Off 

the main eccentric leads instead of follows the cut-off eccentric. 
This feature is an advantage in tandem engines in which one 
cylinder is fitted with Corliss gear and the other with Meyer 
gear, as it permits of the steam valves of the Corliss gear being 
operated by the cut-off valve eccentric, without the inter- 
position of a rocking lever with a fulcrum in the middle. In 
Fig. 32, AB is the main eccentric, AD the cut-off eccentric, in 
relation to the assumed position of the crank AC. In order 
to cut off at crank position A C — the beginning of the stroke — 
the positive lap must be A F ; to cut off at A £ the valves must 
be edge and edge ; and to cut off at A Q the negative lap must be 
A n. The corresponding valve positions are shown in the figure. 
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Double-Ported Heyer Gear.— The Meyer gear is shown in 
its double-ported form in Fig. 33. The passages OG oonduct 




Section mt EF, 



Double-ported Meyer Gear. 
Fig. 84. 
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the exhaust from P to Q. The sum of their areas should equal 
that of the steam port H. The ports J J are shown widened 
out to compensate for the reduction of area caused by G G. 
The area of ports J J and K K, should in all cases be equal 
to the area of the steam ports. The dimension L requires atten- 
tion, or it may happen that when the main valve is open for 
lead, the plate M will cover the port J, and steam will not be 
admitted at the proper time. In order that such a thing may 
be avoided, L should not be less than 

/ + W + N + P. 

Where I = lead of main valve at each port. 
W = width of out-oflf plate. 

N = lap at latest cut-off, which will, in most oases, be ne^tive. 
P = distance of cut-off valves from relative central position, when 
crank is on dead centre. 

Fig. 34 is the diagram for the gear, and O A » P in the foregoing 
expression, and is the distance of the cut-off valves to the left of the 
relative central position when the crank is at O B. The expansion 
valve will open the port J at a quicker rate than the main valve 
will open to steam; which is as it should be. In every case, it 
is advisable to make L greater than the dimension given by the 
above expression. 

The nuts of the expansion valves are shown divided. This per- 
mits of the valve spindle being kept the same diameter for each 

Fig. 86. 




nut. The recess at the back of each nut is provided for the recep- 
tion of a spring, which tends to keep the plate on the face of the 
main valve. In order that the spindle may be passed through the 
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valve chest when the expansion plates are in position, it is necessary 
to have sufficient clearance to press back the back half of each nut, 
to clear the thread of the valve spindle. In Fig. 35, the inner circle 
represents the diameter of the valve spindle at the bottom of the 
thread, and the outer circle the diameter at the top of the thread. 
It will be necessary to push the nut back a distance equal to A B, 
before the spindle can be passed into position. When the steam 
chest is big enough to allow of the expansion plates being placed 
with their faces to the main valve spindle, the cut-off spindle can 
be passed, and the plates afterwards brought into their proper 
position. Then the above condition is not imperative. 

The circle to the right of the plan view in Fig. 33 represents the 
steam inlet pipe. The main valve is, of necessity, of large size, and 
it was desirable to keep the steam chest as small as possible. Both 
the valves slide over the supply pipe, but in consequence of the 
deep feet N, the orifice is not obstructed to any serious extent. 

With Meyer gears, when the cut-off is equalised for any one 
grade of expansion, it will not be equal for the other grades unless 
the two threads on the expansion valve are given unequal threads, 
a refinement rarely found in actual engines. In practice, it is usual 
to equalise the particular grade of expansion which corresponds to 
the normal load on the engine. 

Reynold's Valve Diagrram. — The action of the Meyer gear is 
very clearly shown by means of the Reynold valve diagram. It 
will be convenient to consider the diagram for a simple valve 
before treating of expansion gears. 

In Fig. 36, A B represents the crank, and B C the connecting- 
rod of an engine. The piston-rod is suppressed; and therefore 
D and E are the extreme positions of the piston, and F is the 
central position. Divide the crank-pin circle into any number of 
equal parts ; 36 divisions is the most suitable number. The corre- 
sponding piston positions for each of the crank-pin positions can 
be readily obtained. Thus, taking crank position A B, F is the 
displacement of the piston from its central position. 
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Reynold's Valve Diagram. 

Now, consider the line A B, in Fig. 37, to be the crank-pin circle 
of Fig. 29, drawn out into a straight line. Let this line be divided 
into 36 equal parts. Then each division will correspond to an 
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angle of 10 degrees on the crank- pin c 
piston from its central position, for e 
obtained from Fig. 36, and. transferrer 
similar to H K J is obtained. The tota 
be the stroke of the piston to the sea 
its extreme position at H. At D, i?ir 
axis A B, the piston is in its central ] 
87 degrees from the starting point. Kl 
front stroke is attained. From K to 
stroke. 

Reynold's Valve Diasrram for S 

curve must now be obtained for the val v 
breadth of this curve will repri sent the 
convenient scale for the breadth ma.y 
axis of the curve must be the same le 
Let the angular advance of the eccentric 
is the position for crank dead centre; 
cross the vertical 40 degrees before A^ i 
correct position. 

Take any position, say L H The pist 
central position, and, ar. the same time, ] 
the valve from its central position. At 
position on the ports, and the interaectio 
curve indicates the then position of tb> 
lap be known. Draw O parallel to A 
equal to the known outside lap from A i 
Draw OQ horizontally. Its intersectic 
gives the piston position. This position . 
to a scale of percentages, and the positior 

E E is a line parallel to A B, and G 
is at E, and compression at B'. Let it 
shall occur at 93 per cent, in both front 
93 per cent, on the scale for the forward m 
to intersect the piston curve at S, Froo: 
Then, if the inside lap on the front end 
the distance between F and the vertical 
93 per cent. From 93 per cent, on tlie » 
draw TJ V vertically, to intersect the pi 
V horizontally, to intersect the valve cu 
the amount of inside lap necessary to rel* 
back stroke. If the intersection of these 
curve fell on the axis A B, no inside Jaf 
if the intersections fell on the opposite sic 
lap would be required. 

Reynold's Valve Dlagrram for 11 

the case of an expansion gear. HaviQg, 
explained, obtained a curve for the expai 
connect this curve with the piston aiid 
manner as will give the true positions ^ 
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> GLASSES OF AUTOMATIC EXPANSION GEAR. 45 

and expansion valve for any point in the stroke. It will be found 
convenient to plot down the main valve and piston curves on 
one sheet, and the expansion valve curve on a separate sheet 
of tracing paper, so that the latter may be set to any desired 
position, and the modifications effected by altering the angle of 
advance observed. 

Fig. 38 shows the piston, main, and expansion-valve curves in 
position. The angular advance of the main eccentric i3 the same 
as in the previous case — namely, 40 degrees. The ex^iansion- valve 
curve is placed for an angular advance of 90 degrees — that is, directly 
opposite the crank. A horizontal line drawn at any point of the 
crank-pin line A B, will give the then positions of piston and valves. 
And conversely, if any piston position be chosen, a vertical drawn 
from that position will intersect the piston curve, and a horizontal 
drawn from the intersection will give the valve positions. 

Take the crank position CD. E F is the distance of the piston 
from its central position, and E H and E G will be the respective 
displacements of the main and expansion valves from their mid 
positions. 

Let it be required to cut off at 20 per cent, of the stroke. From 
20 per cent, on the scale for the front stroke, draw the vertical to 
intersect the piston curve at J, From J draw the horizontal, 
crossing the main and expansion curves at K and L respectively. 
KL is the necessary negative lap to accomplish this grade of 
expansion in the front stroke. From 20 per cent on the scale for 
back stroke, draw the line vertically, to meet the piston curve 
at M. From M, draw the horizontal, intersecting the valve curves 
at O and N. O N is the negative lap for the front end of the valve, 
to effect this grade of expansion. If the horizontals K J and M O 
crossed the curves at P and Q — that is, where P and Q cross each 
other — there would be no lap whatever; but if the verticals 
crossed on the opposite side of P and Q, the lap would be a 
positive quantity. 

The equalisation of cut-off for any particular grade of expansion 
having been effected, it is easy to observe the inequality for the 
other grades ; and herein lies the chief advantage of the diagram. 
The expansion- valve curve being drawn on a separate sheet of 
tracing paper, the angular advance may be altered by merely moving 
the position of the tracing ; the effect of which is instantly mani- 
fested. This is another merit of the Reynold's diagram. 

Classes of Automatle Expansion Gear.— Automatic expan- 
sion gears are made to vary the cut-off: — 1. By varying the travel 
of the expansion valve. 2. By varying the angular advance of the 
expansion eccentric. 3. By varying both angle and travel of the 
main eocentric. 

In Fig. 39, O A is the crank, B the main eccentric, and O C 
the expansion eccentric. Let the circle F be drawn with radius 
equal to the negative lap. Out-off will occur at crank position O D. 
Kow, suppose the throw of O to be reduced to O 0\ Out-off then 
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occurs at E. This diagram illustrates the principle of expansion 
gears of the first class. 

Hartnell's GovernOP. — Fig. 40 is a sketch of the well-known 
Hartnell governor combined with a link expansion gear. When 
the engine is running at the normal speed, the die in the swinging 
link occupies the position indicated. When an increase of speed 
takes place, the balls fly out, raising the radius rod, which shortens 
the travel of the expansion valve. Oub-off will therefore be earlier 
in the stroke. When the speed falls below the normal, the radius 




Valve Action shown for Cut-off at E. 

rod is lowered. This action increases the valve's travel, and cut-off 
is later. The governor itself is a spring-loaded one. Between 
certain limits, any desired speed may be maintained by adjusting 
the helical spring in the head. 

Diagrram for Link Expansion Gear. — No exact con- 
struction can be given to determine all particulars of this gear. 
Generally the positions of the crank at early and late cut-off, and 
the maximum and minimum travels of the expansion valve would 
be decided upon. But it is necessary to assume either the angular 
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advance or the lap of the expansion valve before a diagram can be 
constructed. 

Let OE, Fig. 41, be the line of latest cut-off in relation to the 
crank position ON revolving as shown; OA the throw and 
position of the main eccentric, and O B and O B' the throws and 
position of the expansion eccentric for maximum and minimum 
travels respectively. O C is the resultant circle corresponding to 
O B ; and O D the resultant circle for OB'. O E intersects the 
resultant circle for maximum travel at F. O F is the required 



Fig. 40. 




Hartnell's Oovernor* 

negative lap. Draw the negative lap circle F G, intersecting the 
resultant circle for minimum travel at G. OH is the position of 
the crank at earliest cut-off. It may be that this range of expansion 
is not sufficient. Decreasing the negative lap would not alter the 
total range of expansion, as far as the cut-off valve is concerned, 
but would cause O E and O H to fall earlier in the stroke. But 
K is the cut-off bv the main valve. O E can be made to coincide 
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with OK by giving negative lap OL. This will alter OH to 
O M^ which alteration has increased the actual range of expansion 
by the angle HOM. Decreasing the angular advance of the 
expansion eccentric would also increase the range of expansion, aa 
may be shown by construction. 

Fig. 41. 




IMagram for Link Expansion Gear. 

Application of the Diagram. — ^The valves for the link expan- 
sion gear may assume the form shown by Fig. 42, the proportions 
being as follows : — 

The sum of the width of the ports C, may be equal to one and a half times 
the width of the port in the mam valve on the face next the cylinder porta to 
ensure a good steam line. 

A = D + C-L+, say, J inch for tightness. 
Where D = diameter of largest resultant circle. 
G » width of port (see Fig. 42). 
L =s negative lap. 
Nott, - L would become +L if lap were positive. 
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B should be not leas than -^ + D* ^ 

Where L == lead o! main valve. 

N = number of ports on each side of expansion valve. 
D = greatest distance of expansion valve from its relative 
central position, when crank is on dead centre. 
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In practice, B would be found to exceed the dimension given by 
the aboTe ezpression. The ports are often divided equally alou] 
the face of the valve. The rules just given can then be employ 
to ascertain whether the action is satisStctory or not. 
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Ruston-Proetor's Expansion Gear.— Fig. 43 illustrates the 

automatic expansion gear made by Messrs. Ruston, Proctor & Co., 
Lincoln. The governor is of the Porter type, and is actuated from 

the crank shaft by means of 
bevel gear. The radius link is 
pivoted on the bottom end, and 
the lifting link from the gover- 
nor raises or lowers the radius- 
rod as circumstances require. A 
dash-pot is fitted to give steadi- 
ness to the governor, and the 
balance weight relieves the latter 
from all encumbrance due to the 
radius-rod. 

Rider Gear. — Figs. 44 to 

46 illustrate the Bider valve 
gear. This gear is the outcome 
of an attempt to arrange the 
Meyer gear for automatic cut- 
off. The latter type requires 
several revolutions of the spindle 
to move the expansion valves 
through the full range of expan- 
sion; but, as the governor lever 
moves through a relatively small 
angle, it is evident that consider- 
able modification is required in 
design. The Rider valve is cir- 
cular in cross-section and has 
two spiral cut-off edges, one 
being a right-hand and the 
other a left-hand spiral. The 
valve works in a circular bored 
face on the back of the main 
valve, which has spiral ports of 
the same pitch as the expansion 
valve; and it is evident that 
when any partial rotation of the 
expansion valve takes place the 
edges will approach or recede 
from the cut-off edges in the 
main valve, according to the 
direction of partial rotation. A 
range of cut-off approaching six- 
tenths of the stroke of the engine 
'^ can be obtained under ordinary 

circumstances by a movement of about 40 degrees, and this is well 
within the limits of a satisfactory angular movement of levers in 
connection with the governor attachments. The view A on Fig» 
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44 is a development of the Rider valve and oiroalar face on back 
of main valve. A suitable angle for the ports (see X in Fig. 44) is 
80 degrees. If made larger, the valves become unduly long, and, 
on the other hand, if much smaller, the expansion valve must be 
<»LU8ed to rotate through an inconveniently large angle in order to 

Fig. 46. 




compass the full range. Fig. 45 shows a satisfactory method of 
connecting the governor lever with the valve spindle, whilst the 
connections between the governor and this lever will be clearly 
traced from Fig. 46. 

The Rider gear, although apparently somewhat cumbersome, 
gives very gCKni results if actuated by a sufficiently powerful 
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governor, and is very largely used by Oontinental builders for 
engines of medium power. 

All problems relating to this gear can be solved from the valve 
diagram for the Meyer gear, previously explained. 

CFank-Shaft Goveraor Expansion Geaf.— It has been 

remarked that the grade of expansion can be varied by altering 
the angular advance of the expansion eccentric. Fig. 47 is a 
diagram for this class of gears. O A is the position and throw 



Fig. 47. 




Valve Action shown for an Early Cut^£ 

of the main or distribution eccentric ; and B the expansion 
eccentric ; C D is the lap circle, which, in this instance, is 
negative. Gut-off is at O E. Suppose B moved round the shaft 
to position O B', then O F is the cut-off line. 

Fig. 48 illustrates a device whereby the angle of B can be 
vari^ according to circumstances. The figure is self-explanatory, 
and it is only necessary to remark that the design admits of 
considerable adjustment. In the first place, the point of attach- 
ment of the springs to the levers carrying the weights B B can be 
altered ; the position of the weights themselves can be adjusted by 
means of the nuts on the levers ; and the connecting links A A are 
also adjustable. 




VaWe Aotion for an Early Cut-oft 
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The third method of obtaining a range of expansion is by varying 
both the throw and position of a simple slide valve eccentric. The 
principle of this class of gears is set forth in the accompanying 
diagram. 

Let A (Fig. 49) represent the throw and position of the 
eccentric relative to the true position of the crank OB. D 
is the outside lap circle, and cut-off is at O E. Let the eccentric 
be altered so that its throw and position are given by the line O A. 
The lap circle will remain the same, and the cut-off will therefore 
be at O F. 

WestlnfirhOUSe Governor. — As a typical example of this class 
of gearS| the Westinghouse governor and eccentric is selected. 

Fig. 60. 




Weetinghouse Governor (position for latest cut-off). 



Fig. 50 shows the position of the parts for the latest cut-off, which 
is at O A. In Fig. 51 the gear is in position for an early cut-off, 
which is at OA. The real and assumed crank positions are in- 
dicated on each figure, as is also the direction of rotation. The 
valve diagrams show that as the governor moves from latest to 
earliest cut-off, the lead increases. This governor operates upon 
a piston valve, which is the most suitable form for crank-shafb 
governors, as the work required to move the valve passes partly 
through the springs. 

Orank-shaft governors find much favour in America. The 
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Diok and Chnrcli governory as made by the Phoenix Iron Works 
Company, is representative of its class. 

Fig. 67. 




Westinghoiue Governor (position for an early cut-off). 

Robinson's Shaft Goyemor.— The type of crank-shaft governor 
Introdnoed by Mr. A. 8. F. Robinson embodies several novel features 
and improvements. Before describing the arrangement, it will be 
interesting to consider the defects of some governors of this type, 
from which it will be seen that the present example has been well 
thought out in every detail. 

A fault of many shaft governors is that the centrifugal action 
has a disturbing influence on the springs, tending to camber them 
axially. This action, combined with heavy pins ineffectually lubri- 
cated, renders close governing impossible. Another defect is the 
employment of very heavy weights. This means that the pins, 
springs, and gear in connection therewith must be of large size 
and the friction thereof considerable. The large weights cause 
considerable noise in working, and when the engine slows down 
after the stop valve is closed the heavy springs bring the weights 
down on the stops with a violent hammer. The absence of any 
means of speeding the engine by the governor when in motion is 
another defect common to most shaft governors ; and when any 
permanent alteration of speed is desired, it must be effected by 
stopping the engine and adjusting the springs until the exact 
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degree of adjustment is found, which is not always obtained by 
the first trial. Other shaft governors have a defect in that the 
inertia of the valve gear has a disturbing efiect on the revolving 
weights, causing them to be jerked violently as the valve reaches 
the end of its travel. 

Beferring to the accompanying illustration of the Bobinson shaft 
governor (Fig. 52), the levers A are pivoted on pins B, and by the 
action of centrifugal force the curved springs C are deflected through 
the pull of the links D. One end of each of these springs is carried 
by a cast-iron hinge E, but the other ends are attached to a sliding 
crosshead F, which is in turn connected to the eccentric sheave, 
the slots G permitting of the neoessary movement The crosshead 
is guided in a straight line, whereby the lead remains constant 
throughout the whole range of the governor. Connected to each 
of the bridgejs H and J are two thin steel strips K, which allow of 
the necessary movement in the slots, but at the same time resist 
any disturbing influence arising from the inertia of the valve gear. 
The speeder gear consists of a right* and left-hand screw working 
into nut« on the hinges E. As the speeder lever M is moved from 
right to left the rack N revolves the right- and left-hand screw, 
thus bringing the ends of the springs closer together. A higher 
speed of revolution is therefore necessarv to open out the springs 
to a given extent^ consequently the speed of the engine is thereby 
permanently increased. When the speeder lever is moved in the 
opposite direction the tension on the links D is reduced, and the 
speed of the engine correspondingly lessened. The effect is the 
same as increasing or decreasing the counterpoise on a centre- 
weight governor. 

The illustration is taken from the working drawing of a governor 
for a 60 H.P. engine made by Sir W. G. Armstrong, Whitworth 
& Oo. It is arranged to vary the valve travel from 2^^ inches to 
1 inch. 

Importance of Sufficient Range. — ^There is one point in the 
design of automatic expansion gears for engines driving electric 
generators, or for any service where the whole load may be removed 
suddenly, which is of the utmost importance. The gear must be 
arranged to have a range that will prevent any steam entering the 
cylinder when the governor is in its top or outer position ; that is 
to say, the earliest cut-off must be at lead point. Should this 
condition be neglected, there is great danger of excessive racing at 
light loads, which may lead to a destructive wheel burst. 
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CHAPTER IIL 
LINK MOTIONS. 

OoiiTB!fTS.->Single EoodQtrio ReveniDg Gear— Valve Diaffram for shifting 
Eooentrio (year—- Stephenson's Link Motion — Open ana Crossed Rods— 
Valve Diwam for Stephensoii's Link Motion— Mr. Macfarlane Gray's 
Method oz describing tne Characteristic Line — Exact Valve Diagram — 
Crank-Pin Diagram— Best Arrangement of Gear— Link Motion made by 
the North- Eastern Railwav Company— The Slot Link— The Doable-Bar 
Link with Eooentrio-Rods Inside— The same with Ecoentric-Rods Ontside 
— Proportions of Links— Gooch*s Link Motion— Eccentrics Driving Ob- 
liqnely— Valve Diagram for Goooh's Link Motion— Crank-Pin Diagram- 
Best Arrangement of Gear — Allan's Straight Link Motion — Diagram for 
Allan's Gear— Expansion Gears and Link Motions Combined. 

To enable an engiae to run in either a forward or backward 
direction, it must be fitted with link motion, or some other 
equivalent device; and it remains to discuss various gears by 
means of which reversal is effected. 

Single Boeentric Reversing Gear.— The simplest form of 

reversing gear consists of an eccentric, the angle and throw of 
which can be varied at will by moving it across the shaft. This 
device, although simple and efficient, would be very inconvenient, 
especially on an engine of large size, or on one that reauired 
frequent reversal; and the arrangement is here described, not 
because of its practical utility, but because of the principle 
involved — the principle of link reversing gears. 

The single eccentric reversing gear consists of a plate A, secured 
to the crank shaft B by means of a key. The eccentric is pro- 
vided with two slots, whereof the larger is to allow of the eccentric 
being moved on the shaft, so as to take either the position shown 
by the upper or lower diagram. Fig. 53 or any intermediate 
position between the extreme limits. The second slot is made to 
pass the bolts D D, which are securely fixed in the plate A. This 
arrangement permits of the eccentric being held in any position 
between E and F. 

In the diamm the position of crank is indicated, and also the 
centre line of the eccentric. It will be understood that when the 
eccentric is secured so that it coincides with the line KE — its 
extreme position in one direction — ^the engine will run in the 
direction of the arrow, and when the eccentric has the position 
K F, the motion is reversed. The reason of this is clear. Consider 
first the upper diagram, where the crank is on dead centre, and 
the line ^B is the position of the eccentria The cylinder is 
supposed to lie to the left of the figure. Motion by piston effort 
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at this position is, of course, impossible, but suppose the crank 
moved by some means in the direction of the arrow. The eccentric 
moves through the same angle in the same direction. This move- 
ment will manifestly drag ^e valve spindle, and consequently the 

valve, from the 

ng. 68. I ^^^ ^^^ ^^ **^® 

* steam chest to- 

wards the front 
end. When the 
crank is at the 
back dead centre, 
K J, the eccentric, 
if correctly set, 
will have opened 
the back steam 

port for lead, and 

any movement of 
the crank in the 
arrow's direction 
will cause the 
port to be opened 
wider. The en- 
gine would there- 
fore run in the 
direction indi- 
cated, or "over," 
as it is commonly 
termed. If the 
crank were moved 
in the opposite 
direction, the ec- 
centric still being 
held in the posi- 
tion K E, the 
valve would have 
the back port 
open to lead as 
before, but motion 
of the eccentric 
in that direction 
would close the 
port, thus pre- 
venting the en- 
gine running 
" under." 
Now, consider 

the action when the eccentric coincides with the line K F, which 
position is shown in the lower figure. The crank may be supposed 
to be on dead centre as before. Any movement in the arrow^s 
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direction opens the back port wider, and the engine is therefore 
free to revolve in a counter-clockwise direction. Moving the crank 
in a direction opposite to that indicated would close the back port, 
thus preventing clockwise running. 

Valve Diagram for Shifting Eeeentrie Gear.— The Zeuner 

valve diagram is well adapted to the solution of problems in con* 
nection with the shifting eccentric gear.* Let A B represent the 
position of the eccentric when set for running in the arrow's 
direction. A B in the left hand diagram of Fig. 54 is, in fact, the 
line K E of the upper diagram in Fig. 53, and A B in the right- 
hand diagram (Fig. 54) is the line K F in the lower diagram 
(Fig. 53). On AB describe the polar valve circle. From B draw 
BD perpendicular to the horizontal EF, and mark off the lead 
DO. A G is therefore the amount of lap. Draw the lap circle 

Fig. 64. 




Valve Aotion ahown for Full Forward and Backward Gear. 



GO. Admission, cut-off, release, and compression are at AH, 
A J, AK, and AL respectively. 

The inherent peculiarity of the Zeuner diagram is here seen. 
The recU position of the crank relative to the eccentric's position 
A B, is A E ; but the steam distribution is traced round in the 
direction indicated, as though the crank were leading the eccentric. 

The state of things for any position of the eccentric between E 
and F (Fig. 53) can now be shown. K E and K F in Fig. 55 are 
in length and position equal to K E and K F of Fig. 53. Join £ 
and F. The Une E F represents the path of the eccentric sheave 
when being moved from one extreme position to the other. 

* This matter has already been touched upon when dealing with orank-shaft 
governor gears. 
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Whererer the position of the eccentric may be, the line EF 
must terminate the radins of the eccentric throw, and, therefore, 
the line drawn for any intermediate position of the eccentric on 
the line £ F, to the centre K, represents by its throw and position 
the radius and angle of the eccentric sheave ; and if on that line 
produced, yalye circles be drawn, the action of the steam is 
rendered clear. In the accompanying figure this has been done. 
Two intermediate points have been taken and numbered 1 and 2. 



Fig. 66. 




Valve Action shown for Position 1. 

Admission, cut-off, release, and compression are at B^, B^; G^, 0^; 
I>\ D*; and E^, E*, respectively. 

Tabulating these results, it appears that — 

(Admission is earlier ^ 
Cut-ofif „ I than when the eooentrio 

Release „ t ii at KE. 

Compression „ j 
(Admission is earlier ^ 
Cut-off „ I than when the eooentrio 

Release „ | is at K 1. 

Compression „ J 



STEPHENSON'S LINK MOTION. 



63 



It also appears from the diagram that, although admission is 
earlier as the eccentric approaches its neutral position K A, the lead 
is constant for all positions, because the cosine of the eccentric 
angle is constant. This is true, neglecting the angularity of the 
eccentric-rod, which is generally so small as to be quite 
inappreciable. 

The line E F will be designated the characteristic line of the 
gear, and it will be shown that in certain forms of reversing gears 
it is a straight line, as in the present instance ; and in others it has 
a curvature, sometimes towards the crank shaft, and sometimes 
towards the cylinder. The significance of the various forms will 
become apparent as the work proceeds. For the present it will 
suffice to say that when the characteristic line is straight and 
vertical, the lead is constant for all positions of the gear. 

Stephenson's Link Motion.— Fig. 66 shows the well-known 

Stephenson or shifting link motion. A E is the throw and position 




8tepheiiJK>n Link Motion. 

of the eccentric for running under, and A F the eccentric for run- 
ning in the reverse direction. The link D C is curved with a radius 
equal to the length of the eccentric-rods,* and is concave to the 
crank shaft The valve spindle B is coupled to the link D in 
such a manner that the latter is capable of being raised or lowered 

* When the length of the ecoentric-rodfl \b spoken of, it should he understood 
to denote the disUnoe from the oentre of the eccentric dips to the centre of 
the eccentric phi holes on the link, unless there is a direct statement to the 
contrary. Strictly speakins, the form of link shown in the figure has a radius 
greater than the lenffth of the eccentric-rodB, by the distance between the 
eccentric pin hole sna the pin hole in the link block, when in full gear. 
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by the lifting link G, which is in turn connected to the bell 
crank lever GH, having J as a fulcrum. This lever may be 
operated bj a reversing handle, a reversing wheel and screw gear, 
or by a small cylinder fitted for the special purpose. The latter 
arrangement constitutes what is known as a <' steam reversing 
gear,'' and is most frequently seen on large winding engines. 

In the diagram the eocentrio A E has sole control of the valve, 
the action of which is similar to that of a valve connected to the 
eccentric A E in an ordinary manner. The ci*ank, therefore, 
revolves in the direction indicated. The angle and throw of the 
eccentrics are determined by the construction of a diagram similar 
to that illustrated in Fig. 1. When the eccentric A F has control 
of the valve the action is practically the same, but the motion of 
the crank is reversed. 

The action of the motion for full forward and full backward 
gear being understood, the question arises, what would be the 
action for any intermediate position of the lixik block f 

Open and Crossed Rods. — Before dealing with this question, 
the meaning of the terms " open " and " crossed " rods should be 



Fig. 67. 




made clear. In Fig. 57 A E and A F are respectively the forward 
and backward eccentrics of a link motion driving a valve spindle 
G. In the upper figure the eccentrio-rods are coupled to the link 
on the side on which are situated the respective centres of the 
eccentric sheaves, when the crank is on the outer dead centre. 
This arrangement constitutes an '< open " rod link motion. In the 
lower figure the eccentrics are coupled as shown, thus Torming what 
is known as a '' crossed '* rod link motion. 

Valve Diagrram for Stephenson's Link Motion.— Let A F 

and A E, Fig. 5^ be the forward and backward eccentrics, respec- 
tively, of two link motions, whereof the upper diagram is an open, 
and the lower a crossed rod arrangement. B G is the link, and F G 
and £ B are the eccentrio-rods. On A F describe the valve circle, 
cutting the line A G, which is drawn from the extremity of the link 
G, to the centre of the crank shaft m'Q. From F through the point 
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O, draw the straight line F H, meeting the horizontal line A J in 
H. Through the three points E, H, and F draw an arc. This 
arc will be the characteristic line of the gear, and includes the 
extremities of all the virtual eccentric arms for any position of the 
block in the link. Take anj position of the gear, and divide the 
line E F in the same proportion that the block divides the whole 
lengUi of the link. Referring to the diaffruns, let X be the point of 
gear chosen. It is required to find the movement of the valve 
corresponding to this particular position. On the characteristic 
line E F mark the point W so that F W bears the same proportion 
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Valve Diagram for Stephenson*! link Motion. 

to the line E F that X bears to the whole length of the link 
OR Join the points A and W. Then AW is the virtual 
eccentric arm which produces approximately the same valve move- 
ment that results from the combined action of the two eccentrics 
A E and A F, aotinff through the medium of the link BO. On A W 
as diameter draw the valve circle. The maximum port opening, 
the periods of admission, cuto£^ release, and compression are now 
clearly seen; and by choosing other positions of the link and 
repeating the above construction the action for any other point is 
seen. 

Oonsider the enlarged diagram for open rods, Fig. 59. The letters 
A, E, F, and H correspond with the letters of Uie previous diagrams ; 
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and the cbaracteristio line E F contains the extremities of all the 
virtual eccentric arms. The lap circle J K remains constant for all 
positions of the gear ; the valve circles, however, are changed for 
every position of the gear, and cross the lap circle at different 
points, and, in the manner of the simple Zeuner diagram, indicate 
the percentages of admission and cut-o£ The lead is also seen to 
vary for all positions of the link, a fact which explains that common 
statement that in the shifting link gear, with open rods, the lead 
increases as the gear is brought into mid-position; but with crossed 
rods, the reverse is the case. 

It can be shown that these statements are correct from an inspec- 
tion of Fig. 57. The motion for both open and crossed rods is shown 
in mid-gear; the crank in each case is on the outer dead point, and 




Valve Action shown for Link notched up to Poaition 1. 



the port is open for lead. Suppose, in the case of the open-rod 
arrangement, the link B C moved so that the point B is brought to 
the centre line D G. The point B is constrained to move in an arc 
whose centre is £, and therefore the shifting of the link motion 
must pull the valve to the left, because £ is fixed. This movement 
manifestly lessens the port opening and decreases the lead. Apply- 
ing the same reasoning to the crossed rod gear, it is seen that the 
valve spindle moves to the right as the block in the link approaches 
full gear. Generally, the longer the eccentric-rods and the shorter 
the valve travel, the less will be the variation of lead. The truth 
of these statements is at once verified by a glance at the figure. 

Macfarlane Gray's Method of Deseribinff the Char- 

aeteristio Line. — Macfarlane Gray has suggested a very 
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simple method of describing the line EF, which is as near the trath 
as practice demands. Describe with centre on A J produced 

iFig. 58) an arc passing through E and F with radius found as 
bllows : — 

Radius » length of eccentric- rod from centre to centre x half 
the distance between the two eccentric sheaves -r the distance 
between the centres of the eccentric-rod pins on the link. Re- 
ferred to Fig. 60, Radius -^^j^^> 

For open rods the arc is concave to the shaft ; for crossed rods 
concave to the link. 

It is instructive to apply the two methods given above, to one 
case of link motion, and observe the closeness of their agreement. 

Fig. eo. 
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Link Motion '* notched up." 

The above constructions emphasize the advantage of keeping the 
eccentric throws short, the eccentrio-rods long and the link short 
in order that the lead disturbance shall be a minimum. The first 
and third conditions are to be met by employing double-ported 
valves ; and to keep the eccentric-rods long the link should be 
located as near the valve chest as circumstances permit. 

At this point it may be well to explain that the diagrams just 
given are approximate only. When valves are operated directly 
from eccentrics, the movement can be predetermined with great 
exactitude, but with link motions it is not so. So many points step 
in to modify the valve movement, that to pre-Arrange a link motion 
that shall satisfy all conditions is impossible. The best that can 
be done is to secure the best action for full forward and full 
backward gear, and then, with the link properly suspended, the 
eccentric-rods long, and the valve travel short in proportion, the 
action for intermediate gear will be almost exactly that shown 
by the characteristic line in the diagram, and will be found 
satisfactory. 

Exact Diagrftm of link Motion. — There is, however, a 
method whereby the valve movement can be determined exactly 
when the leading dimensions have been settled upon. 

Let the accouipanying diagram (Fig. 61) represent, in outline, a 
link motion in which it is desired to determine the exact move- 
ment of the link. Let A E and A F be the backward and forward 
eccentrics respectively, BO the link, and D G the suspension link, 
shown in position for mid-gear. Divide the eccentric circle E F into 
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any number of equal parts, say ten, starting from the point E for 
the backward eccentric, and from F for the forward eccentric. (See 
Fig. 61), From E as centre, and with the length of the backward 
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eccentric as radius, describe an arc PQ ; and from F as centre, and 
with the length of tike forward eccentric as radios, describe an aro 
US. Kow it will be apparent that when the eccentrics are at A£ 
and AF, the centre of one pin hole of the link must be somewhere 
on P Q, assuming that the link is of the double bar form, shortly 
to be described; and the centre of the other pin hole must be some- 
where on R S; whilst the third point is somewhere on the arc J £, 
the path of the end of the suspension link. 

Now prepare a tracing paper templet of the link, drawn to scale, 
marking thereon the position of the pin holes and the point of. 
suspension. In the figure, such a templet is shown, X being the 
backward pin hole, Z the forward pin hole, and Y the suspension 
point Applying this templet jto the arcs PQ, BS, and JK, so 
that X is on P Q, Y on J K, and Z on E S, a definite pisition of 
the link is given, which can be pricked through to the paper below, 
and numbered to correspond with the eccentric circle. By re- 
peating this process for all the other positions of the eccentrics, the 
point-path of the pin holes is tracked out, discovering the exact 
movements of these points. Taking the case of the present gear, 
the extreme horizontal points of the point D are seen to be D and 
H ; and since the valve spindle is in the direction A D, its travel 
will be exactly equal to D H ; and, further, since the link is in 
mid-gear, D His equal to twice the lap plus twice the lead, so that 
either of these being known, the other is found. The peculiar 
paths of the pin holes are known as *< slip curves," and indicate the 
amount of slotting motion of the die in the link. 

The above method of tracing the valve motion is open to one 
objection, namely, that if the point-paths are to be drawn full size, 
the drawing must be as large as the whole gear itself, a condition 
which is usually inconvenient; but, by the method about to be 
described, the point-paths may be found without drawing the 
eccentric-rods in position. 

In the figure, suppose the eccentric circle E F transposed to the 
left a distance AT - EB - FC; and let a templet LMN be 
prepared, having the radius O equal to A T, and the side M N in 
the direction of the radius. If this templet be applied to the 
transposed circle, so that the point M coincides with the chosen 
point in the circle, and the side M N is parallel tq A D, the curved 
side L M contains the centre of the eccentric pin hole. The templet 
L M N being made of cardboard, or some other suitable material, 
the curve can be at once drawn on the paper. Similarly, placing 
the templet in position for the other eccentric, the curved side 
contains the centre of the other pin hole, l^ow, applying the link 
templet as before, so that each centre falls on the curves thus 
found, the link's position is discovered.* Beferring to the figure, 

* A yalnable paper on " Point- Paths in Mecbaniams, fonnd by the nae of the 
templet,** appeared in Kngtneering^ vol. Ivii., p. 439. The nae of a templet in 
thia way ii applicable to many forma of link-work, and ia especially valuable 
when the mechaniam ia too large to admit of all parts being drawn in position. 
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the positions of the templet for backward and forward eocentricSi 
when the latter are at 7, 7, are shown by dotted lines. 

The exact valve movement being thus determined, the results 
may be referred to an ellipse diagram, or, still better, to a crank 
pin diagram about to be described. The inequalities for backward 
and forward running, and for full and middle gear are then clearly 
shown. 

Crank Pin Diagram. — In order to show the steam action for 
various positions of the link block it is convenient to construct a 
crank pin diagram giving the opening to steam, the point of 



Fig. 6S. 




admission, and other events in the stroke referred to a circle 
representing the path of the crank pin. In the accompanying 
figure, the curves 1, 2, 3 give the steam distribution corresponding 
to the valve circles 1, 2, 3 of Fig. 59. From these curves it is 
clearly seen that as the gear is moved towards the central position, 
the admission is earlier, the port opening less, and the cut-off 
earlier. The case in point is one in which inside lap, either 
positive or negative, is absent. The construction of this diagram, 
although tedious, is a very simple matter. The Zeuner diagram 
being drawn, the port opening for any crank position is known, 
and if various points through the stroke be taken, and the port 
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openings for each of these positions marked from the orank-pin 
circle (not necessarily drawn to scale), curves are obtained similar 
to those shown in the figare. The crank-pin diagram illustrates 
the actioD, perhaps, clearer than any other ; and it has been the 
practice of some engineers to hare such a dis^^ram plotted down for 
each gear made, and carefully presenred with the drawings of the 

engine. The peculiarities of the gear 
are thus graphically depicted; and 
should occasion arise to modify the 
Talve motion, there is a true record 
of the existing conditions, and altera- 
tions can be made with confidence, 
knowing the exact state of matters 
with respect to the steam distribu- 
tion. 

Best Arraiigeineiit of Oear.— 

In the shifting link motion, the 
point of suspension 0, Fig. 56, may 
be at one extremity of the link as 
I Wfj^ /// \\ \ j shown, or at a point midway between 

Jl 11 /// VA ^ the eccentric - rod pin holes. The 

*^ /// \\\ ?1 link for the former mode of suspen- 
sion is of simpler construction than 
in the latter case. The suspension 
point, however, is often decided by 
the disposition of the adjacent parts 
of the engine. The central position, 
generally speaking, gives the easiest 
motion ; but in many cases, notably 
in locomotives, suspension at this 
point would mean a very short lift- 
ing link, which is an objection. 
Another point requiring attention 
is that the arm of the lever G J is 
parallel to the valve spindle when 
the link is in mid-gear; and further, 
when the valve is central on the 
ports, the perpendicular from the 
point of suspension should bisect 
the versed sine of the arc described 
by the point O. The figure fulfils 
these conditions. Although not of 
vital importance, the arranffement 
just described is the best, ana wher- 
ever possible should be adopted. 

If any link gear be plotted down 
for various positions throughout the 
stroke, the centres of the pin holes in the link will be found to 
describe peculiar curves, which resemble the figure of an attenuated 
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<eigh1h These are known as " slip curyes/' and by their breadth 
denote the slip of the block in the link. The aim of the designer 
should be to rodnoe this slip as much as possible, so that the wear 
of the link is a minimum. 

Link Motion made by the North-Eastem Railwav C!om- 

pany. — Fig. 63 shows the form of link motion employea by the 
JNorth-Eastem Railway Company on their express passenger loco- 
motives. The Yalye chest is on the top of the cyUnder, and the 
yalye spindle derives its motion from the rocking lever in the 
manner shown. The objeot of presenting this illustration is to 
show the effect of the rocking lever on the setting of the eccentrics. 
In ordinary cases the eccentrics would be set in advance of the 
crank; but here they follow it, and have a position directly 
opposite the true setting for a link motion of the ordinary type. 

The Slot Link.— The ordinary form of slot link is illastrated 
in Fig. 64.'* The point of suspension is on the side remote from the 



Fig. 64. 




The Slot link. 



weigh-shaft. This form of link is very simple, and is much used 
for small engines. Its chief drawback is that no adjustment of the 
link block is possible ; consequently any wear thereof causes con- 
siderable jar on the gear. 

The Double-Bar Link with Eccentrie-Rods Inslde.~The 

next form is the double -bar link with eccentric - rods inside. 

* The three drawinn of links shown are taken from Seaton'i Manual of 
Marine JSngmeering : Charles OrifiBn k Co., Limited. 
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The defect of the common slot link is avoided, but this advantage 
Bcarcelj compensates for the defect introdncecL The link cannot 

fig^ 66. 




Donble-Bar link with Rods Inaide. 

be moved so that the end of the valve spindle is opposite the 
eccentric pin holes, and therefore the throw of the eccentrics most 
be greater than half the valve travel when set fall gear. This is a 
disadvantage, since it incurs larger eccentrics, and, as a consequence, 
increased fnction. The link itself is also considerably lengthened. 

The Doable-Bar link with Eoeentrlo-Bods Outside.— 

The double-bar link with rods outside is the best form, bat the 
most expensive. The eccentric-rods are here forked, and embrace 




Bonble-Bar link with Aods Outside. 



the link, thus allowing either eccentric pin hole to be brought 
opposite the valve spindle. The suspension point is at one 
extremity of the link, but, if desirable, could easily be in the 
centre. The above form is largely adopted in the Navy and 
Mercantile Marine. 

Seaton, in hia Hanual of Marine Engineering, has given rules for 
proportioning the various details of link motion, which are of 
great practical value (Chapter xiii). 
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Proportions of Links.— For the slot link, let D be the dia- 
meter of the yalre spindle ; then 

Diameter of block -pin when overhnng = D. 

Diameter of block-pin when secured at both ends =0*75D. 

Diameter of eccentric-rod pins szO'^D, 

Diameter of suspension-rod pins = *55D. 

Diameter of suspension-rod pin when overhung sO*75D. 

Breadth of link s0*8 to 0-9D. 

Leneth of block = 1 ^ to 1 '8D. 

Thickness of bars of link at middle sO*7D. 

If a single suspension-rod of round section, its diameter =0'7D. 
If two suspension-rods of round section, their diameter =0*65D. 

Distance from centre to centre of eccentric-rod pin holes not less than two 
and a-half times the travel of the valve when in full gear, and when space 
permits, two and three-quarters to three times. 

The unit D is obtained from the expression 

/LxBxo. 
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Where L=: length of valve in inches. 
B= breadth of valve in inches. 
I? s maximum absolute pressure to which valve is exposed, in 

pounds per square inch. 
Fsa factor having the following values under various oironm« 



When the spindle is long and of iron F « 10,000. 
When the spindle is long and of steel F s 12,000. 
When the spindle is short and of iron F s 12,000. 
When the spindle is short and of steel Fs 14,600. 

For the double-bar link with rods inside let D a diameter of valve 
spindle, as before. 

Depth of bars = 1 '25D + { inch. 

Thickness of bars = '5D -I- i inch. 

Length of sliding block =2*6 to 3D. 

Diameter of eccentric-rod pins = *8D + i inch. 
Diameter of centre of sliding block = 1 '3D. 

Distance from centre to centre of ecoentrio-rod pin holes three to four times 
fiill travel of eccentric-rods. 

In the double-bar link with rods outside, D « diameter of valve 
spindle. 

Depth of bars = 1 '25D + i inch. 

Thickness of bars =0'6D+i inch. 

Length of sliding block = 2*6 to 3D. 

Diameter of eocentrio-rod pin8=0*76D. 

Distance between ecoentrio-rod pin holes two and a-half to two and three- 
quarter times the full travel of the valve. 

Gooch's Link Motion. — The stationary-link gear, introduced 
bj Sir Daniel Qooch, consists of two eccentrics A£ and AF 
coupled to the link B by eccentric-rods E B and F 0. The link 
is curved towards the cylinder with a radius equal to the length ol 
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the radius-rod B D ; which latter is raised or lowered bj means of 
the lifting link G H. Finally, the link B C is sustained or sus- 



ig 

.^ 
u: 




pended by a link J K ; K being a dzed centre of motion. Com- 
pared with the Stephenson gear, the present arrangement has more 
joints, and occupies a greater length; but these objections are 
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compensated in some degree by the improved yalve movement, 
whereby the lead is constant for all positions of the radias-rod« 
That such is the case -will be apparent from an inspection of the 
figure. The crank A L is supposed to be on the outer dead centre, 
and when in this position, the valve, if correctly set, gives the 
desired amount of lead. Now, since the link has a radius equal to 
the length of the radius-rod, and because the eccentric-rods being 
of equal length, the link is vertical, it follows that B D can be 
swept through the whole length of the link without altering the 
position of D ; and since the valve spindle is stationary, the lead is 
unaltered. 

It remains to find the characteristic line of the gear ; and, having 
obtained this, to determine the action for full forward or full back- 
ward gear, or for any intermediate position. 

Eceentrics Drhringr Obliquely. — Before entering on tius 

matter it is necessary to investigate the action of an eccentric 




driving a valve spindle in an oblique direction. Let A B (Fig. 68) 
be an eccentric, and B an eccentric-rod driving a valve-rod C I> 
in a horizontal direction. Draw the straight line A C connecting 
the centre line of the crank shaft and the end of the eccentric-rod. 
This line makes an angle CAF with the horizontal line AF. 
Draw the line A H, making angle BAH equal to angle OAF. 
At right angles to B A draw B J, intersecting the line A H at K. 
Then A K is the throw and position of an eccentric, which, driving 
the valve spindle directly, would give approximately the same 
steam distribution as an eccentric A B driving the valve spindle 
obliquely. The foregoing construction, although not admitting of 



Fig. 69, 




exact mathematical proof, is so very near absolute truth as to be 
quite satisfactory for all practical purposes. 
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In Fig. 69 consider the eccentric A B driving the yalve 
spindle in the manner shown. Join A C, and make angle BAH 
equal to angle CAF. Draw B J perpendicular to BA, catting 
the line AH at K. Then A K is the throw and position of an 
imaginary eccentric, which, driving the valve-rod directly, would 
give approximately the same action as A B driving it in an oblique 
manner. 

Valve Dtagram for Gooeh's Link Motion.— in Fig. 70 let 

A £ represent the throw and position of one of the eccentrics in a 
stationary link motion, in relation to the real position of the crank 
A B. Make A equal to the throw and position of the virtual 




eccentric arm, obtained in the manner just explained. Draw the 
vertical D, which is the characteristic line of the gear, and con- 
tains the extremities of the virtual eccentric arms for all positions. 
By dividing the line D in the same proportion that the block 
divides the link, the equivalent eccentric for that position is 
obtained, and the valve action for that particular position can be 
shown by Zeuner circles. In the figure several positions have 
been taken, and the points of admission, cut-off, Jec., dearly indi- 
cated. 

Crank-Pin Diaflrram.— In figure 71 a crank-pin diagram has 
been constructed, for full and mid gear, showing, as the charac- 
teristic line indicates, a constant lead for both scrades of cut-o£ 
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Best Arrangement of Gear. — ^The stationary link is more 
Bensitive to the point of suspension than the shifting link, and un- 
less there are strong reasons for not doing so, the point of suspension 
should be placed in the arc of the centre line of the link, and midwdy 
between the eccentric pin holes. The correct horizontal position 
of K is somewhere on a vertical line which bisects the arc described 
by the central point of the link, J — an arc whose length is equal to 
twice the lap plus twice the lead. Finally, the link J K should be 
as long as convenient. The above conditions have been carried out 
in the design shown by Fig. 67. It is difficult to explain why 
these positions are the best ; but plotting down the slip curves for 
various points of suspension will clearly show that they are. 

As to the point G (Fig. 67), it should be as near the link 
as possible, in order to keep down the slotting action. The 
intermediate link- work between G and the reversing handle M N 
is necessarily one of convenience, the aim being to move the block 
of the radius-rod its full extent by a suitable movement of the 
handle on the reversing lever. To arrange for a movement of from 
2 feet 3 inches to 2 feet 9 inches is a common allowance. When 
reversal is effected by a hand wheel and screw thread, as is com- 
mon in locomotives and marine work, the mechanical advantage 
between the wheel and the lifting link is not restricted in any way. 
To balance the weight of the radius-rod and lifting link, the lever 
H M is made double ended, and carries a balance weight on the 
arm M O. 

The proportions of the Stephenson link given on a previous page 
apply equally to the Gooch link gear, and can be reliea upon giving 
good results. 

Allan's Straight Link Motion*— The Allan straight link 

motion is obvionsly a combination of the shifting and stationary 
link gears. In the present arrangement the link and radius-rod are 
moved in opposite directions, l^e ecoentrio-rods may be open or 
crossed. With open rods the lead of the valve increases as the link 
is brought into mid-gear ; but with crossed rods the reverse is the 
case. It will be vhown, however, that this variation is somewhat 
less than in the shifting link with the same length of rods ; but as 
the Allan gear occupies more length than the former, the eccentric- 
rods are generally shorter; so that finally, the lead variation is 
little less than with the common form. The two extra joints 
introduced are an objection; and altogether it is difficult to see that 
the straight link gear is an improvement on its predecessors. 
This much, however, may be said; the movement of the link and 
radius-rod being in opposite directions, the vibration of these parts 
between extreme positions is less; and, therefore, in confined 
situations its use may be desirable. Another point in its favour is 
the straight link, which is somewhat easier to construct than a 
curved one. 

In the skeleton diagram, Fig. 72, A E and AF are the eccentrics 
relative to the real position of the crank A L. B C is the straight 
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link connected to the ecoentrio-rods. The link is supported from a 
point central between the two pin holes, by the lifting link D Q. 
This rod in turn is centred upon one end of a double-armed lever 




H having J for a fulcrum. H K is the radius-rod lifting link 
moving B M in an opposite direction to B 0. 

In raising the link from mid position to full gear the movement 
is less than would be the case for the shifting link, as said, and the 
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inequality oi lead is approximately that which would result bj 
moving the link of a Stephenson gear, having the same length of 
eooentrio-rods, in amount equal to the distance, moved by the Allan 
link. In the shifting link, it has already been shown that the lead 
variation increases as the movement of the link, so that the reason 
of the variation being less with Allan gear will be understood. 

Diagram for Allan's Gear. — The location of the centre of the 
weigh-shafb J is an important matter. In the following diagram, 
Fig. 73, A is the centre of the crank shaft, and B is the link. 
From A as centre, and with A B as radius, describe the arc B L ; 
and from M as centre, and with M D as radius, draw the arc D N 
intersecting B L in N. Join A N and M N. The point N indicates 
the position of the ends of the eccentric- and radius-rods when in 




full gear. Fix upon the suspension point K, in the radius-rod ; 
and from M as centre and with radius K M. describe the ara 
From A as centre, and with radius A D, describe arc O P. With 
centre N, and radius equal to half the distance between the pin 
holes in link (D B » D 0, in the figure), cut the arc O P in Q. Join 
K and Q. The line K Q crosses the centre line A M at 8 ; and a 
vertical from 8 contains the proper centre of the weigh-shaft^ Let 
the vertical position of the shaft be fixed upon, and lettered J. 
Then the double-armed lever O H should be designed so that the 
bisection of the versed sines of the arcs described by the extremities 
of G H are vertical with the bisection of the versed sines of arcs 
Q R and K T. 

The above construction is not imperative, but it is the one that 
gives the easiest running. Sometimes the point of suspension of 
the radius-rod is oa the opposite side of the link to that shown 
above, the radius-rod extending past the link B to accommodate 
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the lifting lerers ; and sometimes the link is slung from above, the 
point of suspension being at the lower end of the link. 

Expansion Gears and Link Motions Combined.— When 

expansion gear is employed in conjunction with link motion, the 
position of the expansion eccentric must be directly opposite the 
crank, if similar action for forward and backward running is 
desired. 
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CHAPTER IV. 
OTHER REVERSING GEARS* 

Contents. — ^Prindple of Radial Gean^Joy's Valve Gear— Biaeram for setting 
out Joy's Valve Gear— Joy's Gecur on Marine Engine — Hack worth's Valve 
Gear — Bremme's Valve Gear — ^Praotical Example of Bremme's Gear — 
CompariBon of Joy's and Bremme's Gear— Walchaert's Gear. 

Thb desire to save the space taken by eccentrics on the crank shaft 
of locomotive and marine engines, and to bring the steam chests 
into a more accessible position, has caused engineers to seek for 
other methods of reversing, and the effort has evolved several well- 
known forms of link-work for actuating the valve, to which the 
name Radial Valve Gear is given. 

Principle of Radial Gears. — The general principle of radial 
gears is that of obtaining from some reciprocating or revolving 
piece of the engine, an arrangement of link-work, a point in which 
shall describe an oval curve, and by altering the direction of the 
axes of this curve, to produce reversal, variable expansion, or 
stoppaffe. 

Joy 8 Valve Gear. — Of radial gears, the Joy valve motion is 
perhaps the best known. At a suitable point D in the connecting- 
rod (Fig. 74), the link B is connected, its lower extremity being 
guided by an anchor link 0, which has E for a fulcrum ; £ being 
carried from a suitable part of the engine frame. The link F is 
guided in a curved slot O, which, together with the movement 
derived from B, constrains the point H to move in an oval curve. 
The valve -rod J is connected to the extremity H, and imparts 
motion to the valve. Plotting down the paths of D, K, and H will 
discover that these points mov6 in paths similar to the dotted curves 
shown in the figure. Now the crank being on the outer dead 
centre, as shown, and the curved slot O being vertical, it will be 
understood that if the total breadth of the curve described by H 
be equal to twice the lap plus twice the lead, the valve will simply 
move to and fro on the port face, opening each port alternately by 
the amount of lead. This will be the action for mid-gear. Now 
suppose the angle of the curved slot altered to LL. The path 
described by H will still be of the same form, but altered in 
position ; and because of this altered position will impart an in- 
creased travel to the valve. Again, suppose the slot moved the 
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same angle od the other side of its vertical position. The valve 
now has the same travel as before; but, because of the altered 
angle of the guide, the valve's motion will commence in the opposite 
direction, thus reversing the engine. It will also be understood 
that by giving any intermediate position to the slot between the 




central point and L L, the valve travel is proportionally increased 
or decreased, as the case may be, thus varying the point of cut-off; 
and that any intermediate position between the central line and M M 
will also produce a variation of cut-off; but the motion will be in 
the reverse direction to that caused by having the slot inclined on 
the other side of the vertical 
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The correct method of laying down the various centres of the 
Joy gear is set forth in a pamphlet issued by the late David Joy, 
the inventor. The method is as follows : — 

Diagram for Setting out Joy's Valve Gear.— On the con- 
necting-rod A B, take a point 0, so that its total vertical vibration 
D D^ is not less than twice the full valve travel, preferably a little 
more.* Through DD^ draw XX perpendicular to the horizontal 
AB; and at the proper distance from AB lay down the centre 
line of the valve spindle. Mark the extreme position of the point O 
for inner and outer dead centres; and choose such a lever OE 
whose total angle of vibration CEO^ does not exceed 90"; and 
carry the end E by an anchor link EF, the mid position of which 
is parallel to the connecting-rod when horizontal. 

Next, on the centre line of the valve spindle produced, and on 
each side of the vertical XX, mark off the points J J' each distant 
from the vertical by an amount equal to lap and lead. From the 
point J draw a line J H, the centre line of a link that, by virtue 
of its connection to E, will move the point K — ^the point where 
J H crosses the vertical— equaHy on each side of the central point 
K. The point K is the oentre of oscillation of the curved guides 
in which slide the blocks carrying the fulcrum M of the lever J H. 
The position of H is best found by a tentative process ; and to test 
whether the chosen point be a correct one, the equal vibration 
required is marked off on each side of K, and lettered L L. The 
distance L L is equal to the vertical vibration of the point e on the 
connecting-rod, that is, D D'. From D as centre, and with H as 
radius, mark the point M in the vertical X X ; and with the same 
radius mark off 1^ from D'. M and N are the positions of H when 
the engine is at half stroke, or thereabouts, and these points give 
the total vertical vibration of H. From M as centre, and with 
H K as radius, describe an arc cutting the vertical X X ; and 
from N as centre, and with the same radius describe an arc also 
cutting the vertical XX. Then, if the point H be the correct 
one, the arcs just drawn cut the vertical X X at L and L. Should 
the points of intersection fiiU bd&w L and L, the point H is too 
near E ; but if they fall above L and L, H is too near 0. The 
exact position of H is generally found on a second trial 

The valve-rod J G may be of any convenient length, but the 
oentre line of the slides must be struck with the same radius. 
From the point K draw a line EO parallel to AB; and with 
centre on this line, and with J G as radius, describe an arc contain- 
ing K, and cuttine the curves L L, struck from K as centre, in PF. 
From P or P', andf on each side thereof^ mark off on the arcs L L an 
amount equal to one and a quarter times the maximum port open- 
ing requiml, and let R K' be the points. With centres on the arc 
S S struck from centre K, describe arcs passing through E R and 

* The port opening being determined, the deaired point of catoff, and the 
lead being known, it is poesible to estimate the requiuta travel by diagram • 
1 or 6, pp. 8and9. 
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K R'. These arcs represent the centre lines of the curved slots for 
forward and backward gear, and when the latter are in either of 
these positions the point of cutK)ff is about 75 per cent. Should a 




later out-off be desired, the slots must be carried still further from 
their vertical position. 

Glancing at the diagram, it will be seen that the fulcrum K of 
the leyer J H coincides with the centre of oscillation of the curved 
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■lots or ffuides when the orank is on either dead centra. It ia 
evident tiaat when these points coincide the angle of the guide can 
be altered to any extent without disturbing any other part of the 
mechanism, a state of things which shows that the lead is constant 
for all positions of the reversing handle. 

The inventoi's pamphlet goes on to say that when the above 
directions are followed, the leads and cut-offs for each end of the 
cylinder, for backward and forward gear, are practically equal 

The arrangement of the gear as just described is the most 
effective, but considerable latitude is permissible. For instance. 

Fig. 76. 




JofB Vslve Gear applied to Marine Engines. 



the point can be placed above or below the centre line of the 
connectin^rod, and the point K can be raised or lowered, so that 
the line K O is no longer parallel to A B ; but it is not advisable 
that the line should have a greater inclination to A B than 4*, or 
thereabouts. Again, the anchor link may be dispensed with, the 
point J being guided in a slide affixed to some convenient part of 
the engine. 

For vertical engines the same rules apply by placing the diagram 
vertically, and altering relatively the terms ''vertical" and 
" horisontal." 
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The valve motion arising from the link-wozk of this gear is 
superior to the ordinary eccentric motion. If the movement of the 
parts be traced round for a complete revolution of the crank, it will 
be found that when opening and closing the steam ports the valve 
travels rapidly ; but during expansion and exhaust the movement 
is slow. Another advantage, in the case of locomotives, is the 
space saved on the crank sfaafb, due to the absence of eccentrics, 
whereby longer journals and crank pins are obtainable. 

Joy's Gear on Marine Eng^e. — ^As an example of the gear 
applied to a marine engine, the annexed figure (76) from Seaton's 
Jdantud is presented. The reversing wheel actuating the worm 
gearing with the toothed sector is clearly shown. The curved 
guide is here dispensed with, the end of the reversing sector carry- 
ing a lever which has the same function. 

HaekWOrth'S Valve Gear. — Hack worth's Valve Gear, shown 
diagrammatically in Fig. 77, consists of an eccentric AB placed 




HaokwortVs Valve Gear. 

directly opposite the crank AC, actuating the eccentric- rod BD, 
the extremity of which is constrained to move in a straight guide 
F, the angle of which can be varied similarly to the ffuide of the 
Jov gear. A point L in the eccentric-rod is employed to give the 
valve movement. It will be seen that when the position of the 
guide is horisontal, the point L will describe an oval curve, whose 
major axes is parallel to F. When the direction of the guide is 
altered the axes of the curve vary correspondingly, and the motion 
imparted to the valve is increased. The gear is so set out that 
when the crank is on dead centre the point D coincides with the 



DIAOSAM OP BRElOrB's GBAB. 



89 



centre of oscillation of F. It is clear, therefore, that F can be 
pulled over in any direction without disturbing the lead. 

The paths of L corresponding to the three positions of the giiide 
F are shown. Let the horizontal G G be cbawn on each side of 
the horizontal A B, and removed from it a distance equal to the 
outside lap. The port opening for each position will then be 
indicated ; and from the figure it appears that when the slot is 
horizontal^ the maximum port opening is only equal to the lead. 

By tracing the gear round through a complete revolution it will 
be found that the valve acts most efficiently, having a rapid motion 
when opening and shutting, but during the dosed periods the motion 
is somewhat slow. 

Bremme's Valve Gear. — In the Bremme Gear an inter- 
mediate point of the eccentric-rod moves in a curved path 
instead of a straight line, and the point of attachment of the 
valve lever is at the extremity of the rod. Fig. 78 will render 
the action clear. 

Dlagrram of Bremme's Gear. — The eooentrio AB, whose 

position coincides with the crank AO, actuates the eccentric-rod 




Bremme*8 Valve Gear. 

B D, which, at a point H, is constrained to move in an arc having 
a radius equal to the suspension lever G H, and a centre at G. 
When the lever G H has the position shown, the crank revolves in 
the direction indicated. Now let the reversing lever G F, having 
a fulcrum at F, and the same length as G H, be pulled over to E. 
The point G of the lever G H now coincides with E, and the arc 
in which H is constrained to move has its centre at E This 
changes the direction of the axis of the oval curve described by D, 
and consequently produces reversal of the engine. 

As in the gears already described, the mechanism is so set out 
that the guided point of the eccentric-rod coincides with the centre 
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of oscillation of the reyersing lever each time the crank is on the 
dead centre, thus prodacinK equal leads. The angle ot the revers- 
ing lever G F from the central line, and known as the ''deviation" 
angle, should, the inventor states, never exceed 26* on either side. 

The fact of the point H moving in an arc produces inequality in 
the valve's motion on each side of its central position, which causes 
cut-off and compression to fall earlier in the down than in the up 
stroke ; but so far from this being an objection, it is an advantage, 
for the increased compression serves to neutralise the downward 
momentum of the piston-rod and connecting-rod. 



Fig. 79. 




Bremme's Valve Gear applied to Vertical Marine Enginea. 
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Practical Example of BFemme's Gear.— Fig. 79 shows 

a form of the Bremme gear in its practical applioatioa to 
yertical marine engines. The reversing handle GH moves the 
reversing arm by means of a wiper rod and short drag link. The 
suspension-rod AB is slung from the extremity of the reversing 
arm, and oarries the eocentrio-rod at its lower end. In the figure 
the reversing arm has been purposely omitted in order to avoid 
confusion with the suspension- rod AB. The centre line of the 
former, however, is drawn, and also its extreme position on the 
other side of the vertical, the total angle of deviation in this 
instanoe being 40*. The valve-rod D and the reversing handle 
are in front of the engine, the latter being locked in any position 
by an arrangement carried on one of the engine stanchions. 

Comparison of Joy's and Bremme's Gear.— Oomparing 

the merits of the Joy and Bremme gears, it would appear that for 
locomotives the Joy gear is to be preferred ; but Bremme's gear is 
the best adapted for marine work. It would be somewhat mffioult 
to arrange the Bremme gear with its eccentric-rod and reversing 
arm underneath the locomotive boiler, so as to be compact and 
clear the various parts. In marine work, however, the case is 
different. Here the space for the eccentric-rod and levers is usuallv 
abundant, and the reversing lever can be conveniently situated. 
The movement of the parts of the Bremme gear is considerably less 
than that of the parts of its rival, and this is a consideration in the 
engine room of a steamship where space is limited, and where it is 
necessary for the attendants to be in close proximity to the working 
parts, 

Walchaert'S Gear. — ^This valve gear is extensively used on Con- 
tinental locomotives with outside cylinders, and has been employed 
in England for small self-contained hauling engines, where it forms 
a convenient and compact gear. It has also been used occasionally 
for marine engines. 

Referring to the diagram (Fig. 80), the pin A which actuates 
the link-rod is placed at such an angle to the crank that when 
the latter is on dead centre the reversing link is in its central 
position. The link is centred at B, and the radius-rod C is con- 
nected to the valve spindle in the manner shown. The valve 
spindle also receives a supplementary motion from the crosshead 
through the links D and £. Without this supplementary motion 
the gear would only be suitable for a valve having neither lap nor 
lead, and would only give the proper valve action at full forward 
or backward gear. Assuming the piston to be at the end of the 
stroke the pin A will be at half stroke, consequently the links D 
and £ must throw the valve spindle over by an amount equal to lap 
plus lead. This consideration will determine the proportion of the 
lengths F and O; and the following conditions must be satisfied — 

F : Q : : 2(lap •(- lead) : stroke of engine. 

The best action is obtained when the link is suspended from the 
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centre, as shown, and the suspension-rod is as long as possible. The 
point of suspension for the radius-rod should be as near the link as 
possible. When these conditions are observed the slotting action 
is a minimum. 

The distance of A from the centre of the crank shaft depends on the 
position of the point of attachment of the link-rod to the link ; but 
the motion received bj the radius-rod from the point A most equal 

T X F 



T- 



G+ F 



Where T » full travel of valve. 
F and G ^ lengths of arms of lever D. 



Fig. 81. 




Valve Action shown for Baokward Qear, linked up to Position 1. 
A valve diagram may be drawn to show the distribution aa 



follows :- 
Lets 
diagram 



half stroke of engine. Then make distance O T in valve 
SxF _ 

From centre O with radius OB s AO in previous figure, but 
referred to the corresponding motion given to the radius-rod in 
full gear, draw a circle. From O mark off O T « X and draw A C 
vertical through T. The line A then contains the extremities 
of the virtual eccentric arms, and circles mav be drawn for any 
position of the link block, as shown in the diagram. The inner 
circle is a lap circle. The lead, it will be noted, is constant. 
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CHAPTER V. 
GEARS WITHOUT TRIP MOTION. 

Ck>NTENT8.— AdyantageB of Corliaa Geara—ClasBifioation of CorliflB Geare^ 
Valve Qear without Trip Motion— Effect of WriBt Plate— Redaotion of 
Dwelling Angle— Location of Wrist-Plate Pin — Rnlesfor Diameter of ValTea 
—Angle of Vibration — Poeition of Levers — Valve Diagram for Corliss 
Gear— Proportions of Steam Valve and of Bxhanst Valve— Doable-Ported 
Valves— Crank-Shaft Governors applied to Corliss Valves— Diagrams of 
Valve Motion. 

About the year 1850, Q. H. Corliss constructed the form of yalve 
which bears his name. Since that time the Corliss valve and its 
operating mechanism have been modified and improved, until they 
have attained their present state of perfection, and seem to have 
settled down to certain designs, which it appears difficult to better. 
Advantasres of Corliss Gears. — The Corliss valve may be 
briefly described as being of cylindrical form, working on a cylin- 
drical face, and vibrating on its longitudinal axis. It is the outcome 
of an effort to produce a valve gear which would present the 
following advantages : — 

1. Minimum of power to actuate the gear. 

2. Smallness of clearance spaces. 
8. Adaptability to dose govemiDg. 

4. Gooa steam opening ; instantaneous cut-off; and free exhaust. 

Classifleation of Corliss Gears.— It will be convenient to 

classify Corliss gears under three heads : — 

1. <3ears without trip motion. 

2. Single eccentric gears with trip motion. 
8. Double eccentric gears with tnp motion. 

The first class is seldom used. The valves have a positive 
connection with the eccentric, the travel is constant, and the point 
of cut-off invariable, except between very small limits. 
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In the second class, the steam valves have no positive connection 
with the eccentric, but are opened by catches against the resiatanoe 
of a dashpot, and released at some point of the stroke determined 
by the governor, or otherwise. The exhaust valves are positively 
connected to the eccentric and receive a constant movement 

The double eccentric gear is the form usually made in this 
country. In this class the steam valves are operated in the same 
manner as in the single eccentric gears, but the exhaust valves are 
driven from a separate eccentric. 

As the action of the first dass embodies that of gears with tnp 
motion, it will be conveniently discussed at the outset 

Valve Gear without Trip Motion.— Fig. 82 shows an 

arrangement of Corliss motion without trip gear. A A' are the 




CorliM Motion without Trip Q«ar. 

steam, and B B' the exhaust valves. These valves are actuated by 
the eccentric through the medium of the wrist plate and the 
wrist plate rods D E F O. When the piston is at the beginning of 
the stroke and about to travel in the direction of the arrow, the 
valve will be open a certain amount This will be lead. At the 
same time B^ will be open for exhaust, and the valves A' and B 
will be dosed. The figure shows the wrist plate in its central 
position, at which time all the ports are closed as indicated. It 
will be remembered that when a slide valve is in its central position 
both steam and exhaust ports are closed, assuming that there is no 
inside clearance; and the probable position of the piston would 
then be about 10 per cent from the end of the stroke. The same 
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condition of things occurs in Corliss gear when the piston is at the 
same point of its stroke, a position indicated by the dotted lines in 
the figure. Now it will be easily seen that the front steam valve A 
has the same function as the front steam edge of an ordinary valve, 
the back steam valve corresponds to the back steam edge of the 
slide valve ; whilst the front and back exhaust valves produce the 
same distribution as the front and back exhaust edges of the slide 
valve. Bearing this in mind the action of the four valves is at 
once understood. 

Effect of Wrist Plate.— The presence of the wrist plate modifies 
the motion of the valves due to the eccentric to a considerable 
extent; and the location of the valve-rod pin on the wrist-plate pin 
is one of the important points in Corliss work. In Fig. 83 is shown 
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Steam Valve Lever and Wrist-Plate Rod in three positions. 



the centre lines of the steam valve lever and wiist-plate rod in 
three positions. The wrist plate, by virtue of its connection with 
the eccentric-rod, oscillates through an angle of 33* on each 
side of its central position, denoted by the line AB; but, by the 
particular location of the wrist-plate pin B, the valve lever CD 
swingB through an angle of 28* on one side of the position CD, 
and 51' on thr other. 

When the wrist- plate lever is at G, the valve covers the port 
by an amount equal to the lap plus the angle DOG taken at the 
valve circumference. Now, so long as the valve opens to steam 
at the proper instant, it matters not what its motion between G 
and D m^^y be, because all that motion, so far as this particular 
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valve IB concerned, is useless. This movement is known as the 
*' dwelling" motion; for during the time it is being worked through, 
the valve is merely idling over the port. From what has been 
said, it is apparent that the less the dwelling angle the better ; and 
one advantage of the wrist plate is this, that it permits of the 
dwelling angle being kept small If there were no wrist plate — 
the eccentric-rod coupling directly to the valve lever OD — the 
dwelling angle would be half the total angle moved through by 
the valve. 

Reduction of Dwelling Anrie.— In very large engines, the 
advantage of a small dwelling angle becomes more pronounced, and, 

Fig 84. 




Low-Preasare Oear of Engine dorigned by Hick, HargreavM 9l Co. (by permiaaion of 

Engineering, Ltd.). 

cognizant of this, Messrs. Hick, Hargreaves & Co., Bolton in one 
of their large vertical engines, have gone so far as to introduce an 
additional lever and rod to actuate the exhaust valves; and by 

7 
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this means to reduce the dwelling angle to a considerable extent 
The accompanying illustration (Fig. 84l is a perspective view of the 
low-pressure gear of the engine referred to ; from which a good idea 
of the motion may be gathered. On the exhaust side (the left-hand 
side of the figure) is seen the idling lever and its connection with the 
wrist plate. Without at present attempting to describe the steam 
portion of the figure, it may be stated that the trip motion is the 
well-known Inglis and Spencer gear ; and that the large size of the 
valves necessitated the use of double dashpots; an arrangement 
whose advantages will be appreciated when trip gears have been 
discussed. 

Another advantage which the wrist plate possesses is the quick 
steam opening which may be obtained by a suitable location of B 
(Fig. 83). In this figure the lap of the valve is indicated, and also 
the position of the valve lever when the port is open for lead. Tiie 
corresponding position of the wrist-plate pin is J. The angle 
J A F is 22*, and the angle KCH, 35*. From K to H is the 
opening angle of the valve, and it will be understood that the 
quicker this angle is worked through, the better the steam line on 
the indicator diagram. Angles J A F and K H are both worked 
through in the same time, so that the port opening is quicker in the 
proportion of }| : 1, than would be the case if there were no modi- 
fication of the eccentric's motion. The rapid movement through 
the angle K H throws little extra work on the wrist-plate pins 
and rods; for when the valve is moving through the dwelling angle, 
the whole of its surface is under the influence of unbalanced st^m 
pressure; but when the port is open and an equal pressure is 
established in the cylinder and valve chamber, the only surface not 
in equilibrium is the width of the facing on the back edge of the 
port. This distance is indicated by L in Fig. 83. 

Location of Wrist-Plate Pin.— Whilst endeavouring to keep 
the dwelling angle small, it must not be forgotten that by placing 
the wrist-plate pins too near the horizontal centre line of the wrist 
plate, the motion will give a double stress on the wrist-plate and 
valve-lever pins. This should be avoided. In Fig. 83, the centre 
line of the wrist-plate rod in its extreme position is above the line 
passing through the extreme position of the valve-lever pin and the 
centre line of the wrist plate; thus showing that no double reversal 
of stress occurs. In all wrist-plate gears, the line A M should be 
the limit of the wrist -plate pin's movement on that side of its 
central position. The location of B is also governed by the end 
of the valverod, it being evident that the pins must be sufficiently 
wide of each other to clear the ends of the rods. Sometimes, how- 
ever, one pin on the vertical centre line of the wrist plate has been 
used for both rods. 

Rules for Diameter of Valves. — The diameter of valves for 
any given sixe of cylinder is the next point to consider. This size 
is usually determined from some empirical formula. It is customary 
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to let one siae of valve serve for several sizes of cylinders, thus 
effecting a saving in templets and patterns. The rule 

expresses very closely the relation between the size of cylinder and 
valve. Here d and D are the diameters of the valve and cylinder 
respectively. 

The exhaust valves are sometimes made larger than the steam 
valves. Then 

would give a result conformable with modem practice.* The 
length of the ports on the valve face is in nearly all cases made 
equal to the diameter of the cylinder, and, the length beiug decided 
upon, the width is found. 

The length of the valve lever is usually proportioned from the 
diameter of the valve, although in some cases it is governed to a 
certain extent by the trip motion. A rule agreeing well with 
practice and allowing an increasing leverage for high pressures is 
as follows : — 

Length of leTer s 1*7 x radiiui of ▼alve'+ i inch for every 10 lbs. above 
100 lbs. initial preBSure. 

Angle of Vibration. — The angle of movement of the valve 
levers is usually made from 60* to 70*. The dwelling angle 
plus the lap angle has to be worked through before any port 
opening is obtained, so that the remaining movement is left for 
port opening. If the wrist-plate diagram has been laid down, the 
movement of the valve on the face is at once seen ; and when the 
lap angle has been indicated, the amount of travel lefb for port 
opening is shown. It is advisable that, this should slightly exceed 
the width of the port in order that a full port opening may be 
obtained early in the stroke. Should the angle shown not be great 
enough to give the over travel, a little alteration in the position 
of the wrist plate pins would perhaps effect all that is required ; 
care being taken that the angles which the valve lever and wrist- 
plate rod make with each other are easv. In any case it is not 
advisable to make the angle between these points greater than 
140* on the one extreme position, and less than 50^ on the 
other. When these limits are reached in each direction, the 
angle moved through is about 90*, which is rather excessive. 
Nevertheless, continental engineers have frequently exceeded these 
limits, without experiencing any trouble in working. If the neces- 
sary movement cannot be obtained except by exoeedinff the above- 
named limits, the valve will have to be increased in diameter, or 
«lse a double-ported valve must be used. It should be stated that 
none of the above rules will suit all cases. The wrist-plate diagram 
is more one of convenience than of exact construction. If all the 
* These mles are from the Mtchanieal World Pocket Diary, 
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angles are easy, and the valves give the necessary port opening, the 
designer may be satisfied as to its satisfactory working. 

Position of Levers. — In arranging the exhaust-valve levers it 
is necessary to consider the position of the port. Two arrange* 
ments are shown in the following figures. In Fig. 85 the exhaust 
port is towards the centre of the cylinder. In opening, the valve 
moves iu the direction of the arrow, and to give this action at the 
proper period the exhaust lever must have the position shown by 
the sketch. In the second case the exhaust port is remote from the 

Fig. 86, 




Position of Levers. 

centre of the cylinder. This necessitates the valve lever beings 
placed as indicated. Whatever the position of the port, the 
exhaust valve must be moving in the closing direction when 
the steam valve for the same end of the cylinder is opening. 

Some Oorliss engines have both steam and exhaust valves 
situated below the cylinder. One port at each end serves for both 
steam and exhaust, and the clearance is rather less than in the 
ordinary arrangement with a valve at each corner. Fig. 87 shows. 
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Position of Leven. 
Fig. 87. 




Arraiigement of Steam and Exhaufit Valves. 
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the section of a cylinder with the valves arranged at the hottom. 
Both steam and exhaust valves are double-ported, and the drainage 
of the cylinder is perfect, thus obviating the necessity of special 
drain gear. The drawing shows the relative positions of valves 
and piston at about ^ forward stroke ; and the arrows show the 
direction of steam currents and valve and piston movements at that 
particular instant. 

Valve Diagram for CorUss Gear. — ^The amount of steam lap 

required to cut-oJOT at any given point of the stroke is obtained in 
the manner shown by Fig. 88. Here It is the radius of the wrist- 
plate pin, and its central and extreme positions are marked A, B, 




Valve Diagram for OorliBS Gear. 

and 0. Draw the line B connecting the extreme positions, and 
on this line as a diameter describe the circle. Imagine this circle to 
represent the path of the crank pin. Let it be required to cut-off 
when the crank is in the position A D, which in this instance is 
about 87 per cent. From B as centre, and with a radius equal to 
the lead, describe the circle. The line D B drawn as a tangent to 
the lead circle determines the lap circle £ F. At F erect a perpen- 
dicular to meet the circle in G. The line F G crosses the radius 
line of the wrist-plate pins at H. H is the position of the wrist 
plate pin when the valve opens. From H, and with the length of 
the wrist-plate rod as radius, draw an arc cutting the valve lever 
radius at J. Then, in order to cut off at the required pointy the lap 
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at the circumference of the valve must be equal to the distance 
between the mid position of the valve lever K L, and the line K J, 
taken at the circumference of the valve. When the wrist plate is 
in its central position, both steam valves will cover the port hj the 
amount given by the foregoing construction, and this amount is the 
lap of the valve. 

This construction is faulty, insomuch that it assumes the radius 
of the lead circle on the line B C. The lead at the circumference 
ol the valve may be known, but this does not give the amount of 
motion on the line B to produce it. It is known that the valve 
lever is somewhere between K L and K M when giving lead ; and 
it is easy to assume a position of the valve lever at lead, and find 
the requisite motion of the wrist plate to give that amount, and 



Fig. 89. 




Exhaust Valve Diagram. 

thus get the lead circle on B very near the truth. Then the 
diagram may be constructed with this approximate amount ; and 
should it be found inaccurate, a second trial will give a result 
sufficiently approximate for all practical purposes. 

Fig. 89 shows the construction of the exhaust valve diagram. 
The motion of the wrist-plate pin is indicated, and also that of the 
exhaust valve lever. Connect the extreme positions of the wrist- 
plate pin by a straight line; and on this line as diameter describe the 
circle. This will represent, as in the steam diagram, the path of 
the crank pin. Now the angular advance of the eccentric is given 
in the steam diagram, Fig. 88, and is indicated by the letters 
N A O. This angle being known, the position of the eccentric for 
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any position of the crank is also known. Let D represent the 
position of the crank at release. The corresponding position of the 
eccentric is (3 £ ; the angle E D being equal to the angle O A 0, 
Fig. 88. Draw E F parallel to O C, cutting the wrist-plate pin 
arc in H. From H as centre, and with the length of the exhaust 
valve rod as radios, describe an arc cutting the valve lever arc in 
J. Draw K J, which will be the position of the valve lever when 
release occurs. The central position of the lever is K L, and there- 
fore the distance between the lines K J and KL on the valve 
circumference indicates the amount of exhaust lap that is necessary 
to produce release at the pre-determined point. In the present 
instance the lap is of a positive character, and the exhaust valve 
closes the port by the amount obtained, when the wrist plate is in 
its central position. If the line K J fell od the opposite side of 
K L, there would be clearance or negative exhaust lap, whilst the 
coincidence of these lines would denote that the port and valve 
edges were in line when the wrist plate was central. 

If the length of the exhaust valve wrist-plate rods is adjustable, 
as it ought to be, the equalisation of release or compression for 
front and back strokes is a simple matter. This is most con- 
veniently done when the engine is erected, and the eccentric 
coupled up. The exact lengths of the rods can then be obtained, 
and indicated by centre marks thereon. 

Proportions of Steam Valve. — ^Fig. 90 shows the construction 
of a Corliss steam valve, and also indicates the proper dimensions 



Fig. 90. 





Proportions of Corliss Steam Valve. 

of the face. The distance B is equal to the lap as found by the 
construction of Fig. 88. The dimension D must be sufficient to 
lap the back edge of the port when the valve is in its extreme 
position. D must therefore be equal to the dwelling movement 
taken at the valve circumference, plu8, say, ^ inch to insure 
tightness. The connection of the spindle with the valve is made 
by a palm forged on the spindle, and fitting into a recess at the 
end of the valve. This construction allows the valve to bed to its 
face and follow up any wear, and at the same time permits the 
valve spindle to work in its bearings without constraint. The 
spindle is shown provided with a stuffing box and packing gland. 
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This is the most usual constructioD, but in many cases the packing 
is dispensed with altogether; the yaive spindles being made to 



Fig. 91. 




Improyed CorliBs Steam Bridle. 
Fig. 92. 




Seotion of Exhaust Valve. 



work in long bushes accurately bored to suit them. In practice, 
this method of construction is very satisfactory, and yalve spindles 
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thus fitted have been known to run many years without permitting 
a breath of steam to escape. It is certainly the more mechanical 
arrangement, and when once in order requires no attention. The 
friction of a stuffing box is always an unknown quantity, and at 
times may become excessive and cause undue stress on the pins. 
In designing this type of bonnet the loose coned collar should not 
fit on the spindle, but be clear to allow the coned surfaces to bed 
properly. 

Fig. 91 shows the improved type. The spindle is provided with 
a collar which presses a loose, but accurately fitting, gun-metal 
ring upon the coned surface of a bush. The surfaces are held 
together by the end pressure on the valve spindles, and this end 
pressure is in direct proportion to the steam pressure In the 
case of cylinders exhausting into a condenser, the vacuum will 
tend to draw the exhaust valve spindles into the bonnets, and 
thus lift the coned washer from its face. This tendency is usually 
counteracted by a spring between the end of the valve and the 
back valve box cover. This coned bush arrangement permits of 
a very neat form of bridle — ^that of a bright truncated cone with a 
slight taper, as seen in the frontispiece. Two bushes are usually 
provided for each spindle, and a cavity formed between them. 
Any slight escape past the coned surfaces will condense in this 
cavity, and can be run off by means of a drain tap. 

Proportions of Exhaust Valve. — ^A section of a single-ported 
exhaust valve is shown in Fis. 92. The positive lap is indicated 
by A. B must not be less Uian the active angle of movement, 
otherwise the valve will obstruct the port at certain times. On 
the other hand, B should not be made greater than necessary or 
undue clearance will be given in the valve chamber. The object 
to be sought in the design is to take up as much space in the 
valve chamber as possible without obstructing the passage for the 
exhaust. D should in all cases be greater than the movement 
of the valve circumference during the dwelling period, to prevent 
re-opening on the back edges. Another point that is of practical 
importance is to limit the angle £ enclosed between the front and 
back edges of the valve to 180*". If this angle be exceeded the 
valve will be unable to follow up wear in the valve chamber; 
whereas, with a less angle the valve will continue tight although 
the wear may have been considerable. 

Double-Ported Valves. — Fig. 93 illustrates the double-ported 
Corliss valve ; the correct dimensions for the face are as follows : — 
A is the width of the port in the cylinder. The width of the valve 
face B is empirical. Then the width of the exhaust port •» A + B. 
D not less than the movement of the valve circumference during 
dwelling angle, plus an amount for tightness. The arrow denotes 
the direction of the opening movement, whilst the dotted lines 
show the position of the valve when full open. The valve should 
be designed to take up as much of the chamber as possible without 
wire-drawing the steam, so as to reduce clearance. 
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The double-ported form may, of course, be applied to the steam 
valves, and this is often done in large sizes. The form and propor- 
tions of such a valve are shown by Fig. 94. A and B are equal to the 
lap as found by construction. The width ol the port at D is what 
would be necessary for a single-ported valve ; but at C the width 
is D + F, so as to maintain a full opening. £ and G should be 
equal to the movement of the valve circumference during dwelling 
angle, plus a suitable amount for tightness. The width F, as before, 
is determined by practical considerations. 

This design differs from the exhaust valve in that the clearance 
is made as small as possible on the underside of the valve, the 
space on the stop valve side being unimportant. The figure shows 
the valve prepared for a spindle running the whole length, and 
carried in a bush fixed in the valve box cover. In a trip -gear 
engine this design is preferable to having a palm-end on the end 
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Double-Ported Corliss Valve. 

of the valve spindle fitting into a recess at one end of the valve, 
because it relieves the valve from cross stresses due to the plucking 
action of the dashpots; and for high speeds it is better able to 
resist the tendency to beat out the flat portion of spindle. The 
edges should be designed so that no ledges are worn on any part of 
the valve or cylinder faces. 

In turning the valves and boring the cylinder faces it is important 
that the cutting tool should meet the steaming edges so that a clear 
edge is left for trimming to exact size. When the tool Uavts the 
edges the metal is liable to break away, thus preventing a precise 
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Steaming edge being formed. A little inequality on the other 
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edges is not harmful, because they perform no funotion. The 
figure also shows how ribs may be disposed to give additional 
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wearing stirface; and it will be noted that the design prevents 
the formation of ledges. These ribs are also necessary to prevent 
the possibility of the valve and port edges foaling, should there 
be any deflection due to steam pressure or high temperature. The 
number of such ribs depends chiefly on the length of the valve 
and the steam pressure and temperature. In valves not ezoeeding 
14 inches long in the port they may be dispensed with, provided 
the pressure does not exceed 80 lbs. and the steam is not super* 
heated. From this size up to 26 inches length in the port one 
central rib is generallv sufficient. In high«pres8ure cylinders the 
clear space between the ribs should not exceed 15 inches, and in 
intermediate and low-pressure cylinders not more than 18 to 24 
inches, according to pressure, temperature, and size of valve. 

The projection at the top of each valve (Figs. 92 and 94) is to- 
facilitate calipering the diameter of the valve when turning in 
the lathe. In the case of the steam valves this projection should 
be turned ofl*, because it prevents the steam valve rising in the 

Fig. 96. 
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Spring PadB in Corlin Steam Valve. 

case of water-hammer or excessive compression, but it may be 
left on the exhaust valve. In order that the valve may follow 
up the wear without leakage, the angle between the extreme edges 
of the valves should not be greater than 180^ 

In the case of vertical engines, especially those in which the 
valves are located in the cylinder covers, means must be provided 
for keeping the valves up to their face. The common plan is te 
provide two or more spring pads, as shown in Fig. 95. The pads 
are prevented from turning in the valve chamber by small pegs, as 
shown. 

There is a tendency for those who have not had much experience 
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their neglect causes the yalves to fSall into disrepute. 



in the design of Cor- 
liss valve gear to 
make the keys for 
the valve lever alto- 
gether too light. The 
ordinary key stand- 
ard for shafts is not 
applicable to valve 
spindles. A common 
rule for keys is to 
make the width one- 
fourth the diameter 
of the shaft, and the 
thickness half the 
width. This rule 
applied to a valve 
spindle 2 inches dia- 
meter would give a 
key ^ inch wide and 
i inch thick, which 
IS inadequate to re- 
sist the severe writh- 
ings and twistiugs to 
which valve levers 
are subject. A 
spindle of the above 
size calls for a key 
not less than f inch 
wide and f inch 
thick. The spindles 
should project be- 
yond the valve levers 
to give support to 
the head of the key, 
so that when it is 
withdrawn it is not 
bent near the head. 
The spindle also pre- 
vents a projecting 
key - head catching 
the clothes of an 
attendant, a com- 
mon occurrence 
when this point is 
neglected. 

Attention to these 
technical matters is 
essential to satis- 
factory working, and 
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Crank-Shaft Governops applied to Corliss Valves.— The 

combination of a crank-shaft governor and Corliss valves foriM a 
good arrangement, and the design shown by Pig. 96 embodies 
several features of interest. The clearance is very small, not 
exceeding IJ per cent,, and all faces in contact with expanding 
steam are machined. The steam velocity is high, being about 220 
feet per second with a full port opening, and the piston at maximum 
velocity. The exhaust opening, however, is very liberal, and does 
not give a higher maximum speed than 110 feet per second. The 



Fig. 97. 




exhaust ports drain the cylinder very efiEectively, and in all posi- 
tions the valves are clear of the space swept by the piston. Both 
steam and exhaust valves are provided with spring pads to prevent 
heeling over at extreme positions. 

The special feature of the engine lies in the means adopted to 
prevent conduction of the heat from the cylinder to the frame and 
cylinder stools. It will be noticed that a thick ring of felt is 
inserted between the cylinder flange and bed frame, and collar 
studs are used to form a rigid connection. The same construction 
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is adopted for the cylinder feet; and the lagging is arranged to 
enclose all flanges and covers, and at the same time to be insulated 
from the hot metal of the cylinder. 

The action uf crank-shaft governors having already been dis- 
cussed, farther description is unnecessary. It may be remarked, 
however, that the governor must alter both the angle of advance 
and the throw of the eccentric in order to keep admission rightly 
timed. A governor of the type shown by Fig. 4b is unsuitable,, 
but the Westinghouse governor, Figs. 50 and 51, or Robinson's 
governor. Fig. 52, is well adapted for the purpose. The exhaust- 
valves are driven from a separate eccentric in order to avoid undue 

throttling of the 
^'^' ^^* exhaust, and to re- 

lieve the governor 
of as uiuch work 
as possible. 

Diagrrams of 
Valve Motion.— 

The accompany- 
ingdiagrams illus- 
trate the action of 
the steam valves. 
The horizontal 
axis A B repre- 
sents the stroke of 
the engine ; whilst 
the extreme width 
represents the 
travel of the valve. 
The stroke is 
divided into ten 
equal parts, and 
the points at 
which these divi- 
sio is intersect the 
diagrams sh o w the 
distance of the 
valve from its 
central position. 
The shaded portion shows the port opening, and the fact of the dia- 
gram passing beyond the line C D denotes that the valve has over 
travel. In the left-hand diagram the valve has its maximum travel, 
and the point of cutoff, E, is latest. At an early cut-off, the 
diagram assumes the form shown by the right-hand figure. The lap, 
of course, remains the same, but the travel is reduced, and cut-off 
is consequently at C. Below the elipse diagrams are shown the 
■team distributions for the early and late cut-off by Zeuner's method. 
The diagrams for the exhaust valves are shown in Fig. 98. 
Belease and compression are at C and D respectively. 
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CHAPTER VI. 
SINGLE ECCENTRIC GEARS WITH TRIP MOTIONS. 

CoMTXNTB. — Principles of Trip Gears — Advantages of Trip Gears — The 
Reynolds Trip Gear — Diagram showing Range of Trip — Diagram for 
Reynolds' Trip Gear — Clearance of Catches — Movement of Trip Levers — 
Cause of Popularity of Corliss Gear in America — ^Valve-Rod Ends — 
Arrangement of Ldnk-work. 

Principle of Trip Gears. — The class of, Corliss gears fitted 
with trip motions has now to be considered. In mechanisms of 
this description, the steam yalves are not in positive connection 
with the eccentric, but are moved by it against the resistance of a 
spring, weight, or vacuum. The eccentric-rod, or some other rod 
connected thereto, is provided with an arrangement whereby it 
engages with the valve lever, and communicates its motion to the 
steam valves in the opening direction only. This engagement is 
broken at a certain position in each revolution, determined by the 
governor, or by hand, and the valve, freed from all connection with 
the eccentric, is at once closed by the springs or whatever may be 
employed for the purpose. 

Advantagres of Mp Gears. — ^The arrangement just described 
has several important advantages. The first is the way in which 
the governor controls the engine, whereby the steam is cut off at 
the point requisite to maintain a uniform speed ; the function of 
the governor being not to close the valve, but to determine when 
it shall be dosed. Extremely sensitive governors of small sise can 
therefore be employed which, from the nature. of their construction, 
are quite unsuited to the regulation of large slide valves. 

The most valuable feature of trip gear, however, is the great 
range of adjustment that may be ootained in one valve wi&out 
disturbing the functions of the others. This is a considerable 
advantage, because it enables the attendant to adjust his valve 
gear to the conditions of working. With slide valves this is no 
easy matter, and there is not the same encouragement to obtain 
the most economical setting of the valves ; consequently, a faulty 
action in some of the functions is often tolerated because its cure 
would interfere with other events in the cycle. 

The rapidity of cutoff is another point which has been claimed 
as an advantage. A sharp comer looks very well on the indicator 
card, but the effect on the coal bill is insignificant. 

The Reynolds Trip Gear. — As a typical example of trip 
motion the Reynolds gear is selected and illustrated br Fig. 99. 
This gear is the invention of Mr. Reynolds of the & P« Allii 
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Company, Milwaukee, America, in which country it is most 
common. The patent right of the invention having expired any 
one may manufacture the gear. 

In Fig. 99 the double-ended lever A, to which the wrist-plate rod 
B is connected, swings loose upon the valve bridle C. This lever 
carries on its upper end a trip hook D, supported by a pin fixed 
in the lever A. The lever E is keyed on the valve spindle, and 
thus imparts any motion which it may receive to the valve. F is 
a square pin fixed in the lever E, and fitted with a steel catch or 
face as shown by the figure. On the lever B, and between the 
Talve spindle and the square pin F, another pin is provided. 
This pin O has a continual downward force exerted upon it by the 




Reynolds Trip Gear. 



dashpot through the medium of the dashpot-rod H, and will, there- 
fore, unless prevented, always pccupy its lowest position. A steel 
catch on the trip hook engages with the steel catch on the pin F ; 
and while this engagement holds, any movement of the lever A in 
the direction of the arrow will draw up E through the medium of 
the trip hook, and E, being fast to the spindle, moves the valve. It 
will be seen that if by any means the catch on F becomes released 
from the trip hook, the lever E will at once descend to its lowest 
position, and in so doing close the valve. It only remains to 
devise a means of effecting the disengagement at any desired 
instanl and the essentials of a trip gear are obtained. The 
method of accomplishing this disengagement is as follows : — ^The 
lever J, situated between the levers A and E, is loose npon the 
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bridle 0. On the boss of this lever is a steel piece which projects 
aboye the surface of the boss. The inner limb of the tkip hook 
rests upon this boss, being kept in position by a steel spring K 
enclosed in a brass box. During the motion of the wrist-plate lever 
A in the direction of the arrow, the trip hook is carried up, and 
because the steel catch thereon engages with the catch on the dash- 
pot lever E, the latter also rises. This state of things will continue 
until the limb of the trip hook strikes the steel piece on the boss of 
lever J, when the hook is caused to oscillate upon its pin, and in 
so doing forces the steol catch clear of the catch on the dashpot 
lever, which is at once dragged down by the dashpot. From a 
consideration of the motion it will be seen that there is a sort of 
sharpening action on the catches when at work, whereby the edges 
remain in good condition for a considerable period. The steel 
catches are secured to their respective levers by small bolts as 
shown, and are sometimes designed so as to be reversible, thus 
presenting eight edges for wear. 

It is clear that by varying the angle of the trip lever the 
position of contact of the projecting piece thereon with the limb 
of the trip hook is also varied ; and it is also dear that if J be 
connected to the governor in a suitable manner, the latter will 
have control over the out-off by determining the point at which the 
lever E is released. 

Diafirram showing Range of Trip.— A study of Fig. 99 will 

reveal one important £Mt — namely, that tripping can only take 
place when the wrist-plate lever is moving in the opening direction. 
This statement is true of so many gears that it may be laid down 
as a rula 

Let A B, Fig. 100, represent the crank of an engine, and A 
the eccentric having an angle the cosine of which is equal to lap 
plus lead. As drawn, the engine is on the back dead centre, 
and the steam valve at that end of the cylinder would be open 
to lead. The eccentric is moving the valve in the opening direc- 
tion, and will continue to do so until it reaches A D, The angle 
of advance OAB is unaltered, and, therefore, when A is at 
AD the crank is at AE, angle DAE being equal to angle 
-CAB. The eccentric now returns, and unless the trip has 
operated before this return motion has commenced, it will not 
do so during that stroke. Therefore, with an eccentrio set in the 
position AO, the total range of tripping is only from B to F, 
in this instance about 25 per cent, of the stroke. Such a range, 
however, is scarcely suitable for many cases, where it may be 
requisite on heavy loads to carry on steam to 50 or 60 per cent.; 
and at other times, when running lights to say 5 per cent. onlT. 
With the setting shown by Fig. 100, if the trip missed, steam would 
carry on till the crank reached A G, the valve then catting off by 
virtue of its lap. Thus it is seen that between A E and A O the 
governor has no control over the steam. 

Now take the case of an eccentrio set in the position AO, 
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Fig, 100. 




Valve action shown is when trip gear is inoperative. Cut-off edges of steam 
valves outside. Gut-off edges of exhaust inside. 



Fig. 101. 
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Fig. 101. The letters in this diagram correspond with those io 
the previous figure. Here it is evident that the range of trip is 
considerably increased, being now B F, about 78 per cent. When 
the crank is at B, the valve is open to lead as before, but when 
the eccentric is in this position, ihe crank will be at A H, angle 
H A B being equal to angle A B. In order to give the desired 
amount of lead, the valve must cover the port by an amount equal 
to J B minus lead, when the eccentric is at A B, aiid J B minus 
lead is therefore the lap of the valve. This diagram, so far as 
admission and range of trip are concerned, is perfectly satisfactory; 
but to attempt to work the exhaust valves from such an eccentric 
is altogether out of the question; hence, when a range of trip 
such as is here shown is required, it becomes necessary to employ 
a separate eccentric for the exhaust valves. Although the diagrams 
give the position of the crank when tripping takes place, it must 
not be assumed, as is commonly done, that actual cut-off takes 
place at the same point of the stroke. In Corliss engines, 
especially those running at a high speed, a longer cut-off is obWned 
than would appear possible from the valve gear, for the piston will 
sometimes travel several inches whilst the valve is moving from 
open to closed position. A useful point to remember in this 
connection is that the maximum load a trip-gear engine will carry 
can be increased by slacking the buffer springs, thereby increasing 
the time occupied by the steam valves in closing. 

Diagram for Reynolds' Trip Gear.— The valve diagram 

for a single eccentric gear is given in Fig. 102. The construction 
is as follows : — From the line A B, the position of the valve 
lever when the wrist-plate is in its central position, mark off 
on the valve circumference the lap and lead ; and through the lead 
point draw the centre line of the valve lever AC. From G as 
centre, and with the length of the wrist-plate rod as radius, 
describe an arc cutting the path of the wrist-plate pins in D. 
Draw the line D H perpendicular to the line joining E and F, the 
extreme positions of the wrist-plate pin. Then with the lap and 
lead chosen, the correct position of the eccentric is given by the 
line J H. The range of trip will be from J F to J H. Should the 
trip miss, steam will run on to about JK, when the valve will 
cut-off by virtue of the lap. 

The exhaust portion of the diagram is shown in position indi- 
cating compression at M N and release at M O. These points, in 
consequence of the small angle of the eccentric, are rather late in 
the stroke, but unless the lap of the steam valve be increased, this 
distribution cannot be improved. Increasing the lap means in- 
creasing the angle of the eccentric, and, therefore, a reduction of 
the tripping range. Thus, excellence in one point can only be 
purchased by defect in another ; and herein lies the chief objection 
to single eccentric gears. 

In the above instance the lap has been assumed, and the correct 
position of the eccentric determined from it ; but the better method 
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is to fix upon some angle of eccentric, and by reveraing the pro« 
cesfl just described, to find the lap. An angle of 15° has been 
employed in some cases. This angle gives a fair range of trip- 
about 37 per cent., whilst compression and release, although some- 
what late, are not exceptionally untimed. 



Fig. 102. 




CfldarailM of Catches. — it now becomes necessary to revert 
to Fig. 99 to consider the movement of the dashpot and trip 
levers. The length of the trip hook and the angle between the 
two arms of the lever A should be designed so that the dashpot 
lever, when making the latest trip, vibrates equally on each side 
of the horisontal centre line of the valve spindle ; and the dash- 
pot should be placed so that its centre line bisects the versed 
sine of the arc described by the pin G. When disengagement 
takes place, the dashpot lever at once descends to its lowest position, 
and remains there till the trip-hook catch comes down to engage 
the square pin F. It should be arranged that the catch on D 
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descends about ^^ of an inch lower than the catch on K This 
distance is known as *' clearance/' The maximum angle which 
the dashpot lever moves through is therefore equal to the total 
movement of the wrist-plate lever A, m%nu$ the angle occupied bj 
clearance. 
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Hovemdnt of Trip Levers* — The proper angle and movement 
of the trip lever are easily found. The wrist-plate diagram beiug 
laid down, the position of the lever A, and consequentlv that of 
the trip hook for any crank position, are known. Lay down the 
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position of the parts when the crank is on dead centre ; the catch 
on the trip hook heing flush with the catch on F as here shown. 
The limb of the trip hook is then clear of the boss of the trip lever 
by the depth of engagement of the catches. Now draw the trip 
lever in such a position that the projecting piece on its boss just 
touches the trip hook. This will be its position at earliest cut-off. 
Next lay down the parts in position when the wrist-plate lever 
is in its extreme position in the opening direction, as shown by the 
right-hand diagram of Fig. 103. The crank is then in the position 
indicated by the line J H in Fig. 102. Again draw the trip lever 
with the projecting piece just touching the trip hook, and this will 
be its position at latest trip. 

The method by which the trip levers for each end of the cylinder 
are made to move equally in opposite directions is clearly shown in 
Fig. 102. With reference to this matter, it will suffice to say that 
P is a fixed centre of motion, and the governor actuates the double- 
ended lever swinging on centre P. 

In the best designs of this gear the valve lever A and the trip 
lever J do not ride on the valve spindle, but are carried by the 
bridle, as here drawn. This arrangement allows the dashpot lever 
to be placed close to the end of the bridle, thus reducing the 
bending action on the valve spindle. It also gives a greater 
bearing surface for A and J, and a smaller trip hook. The latter 
point is an important one where high speeds are concerned. 

Cause of Popularity of Coriiss Gear in Ameriea.— in 

America, Oorliss employed onl^' one eccentric to operate both 
steam and exhaust valves ; an arrangement whose very defect has 
perhaps contributed more to the popularity of Corliss gear than 
anything else. The one eccentric precludes the possibility of cutting 
off after about ^ stroke, which was little later than the most 
economical point for pressures then common. Whenever a Oorliss 
engine was put down, it was imperative that it should perform its 
work within this range of expansion, so that the owner was unable 
to run his engine except under economical conditions. The advan- 
tage over those engines which were too small for their work was at 
once apparent, and gave rise to the common notion that the economy 
was due solely to the valve gear. 

Valve-Rod Ends. — Various forms of valve-rod ends are 
shown in Figs. 104 to 107. The design in Fig. 106 is neat and 
inexpensive, and the construction enables the brasses to be 
adjusted without removing them. The next type differs only in 
the outline of the rod end, and is by some preferred, especially 
when used next to turned levers, with ball ends. Both designs 
may be turned from a steel bar without forging. The wedge 
adjustment type of end is illustrated by Fig. 104, accompanied 
by a table of dimensions. This is an excellent end, suitable for 
eccentric-rods and coupling-rods. It may also be formed from a 
straight bar without forging. 
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Fig. 104. 
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fig. 106. 




Pig. 106. 




Pig. 107. 




Valve-rod Ends. 
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Tablr or Rod Ends (Dimrnsions in Inchrs). 
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In arranging the valve gear of engines it is often convenient to 
oarry the motion from one pin to another in the same vertical 
plane, and for such cases the arrangement shown in the nert 





Arrangement of Link-work. 
Fig. 109. 
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Arrangement of Link-work (another method). 
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figure is useful. The table of dimensions given will apply to this 
design to a considerable extent. 

Arrangement of Link-work. — In designing the link- work of 

Corliss gears it should be arranged that all rods can be taken off 
their pins by simply removing loose collars. This is a point some- 
times forgotten, or at least neglected. In the arrangement shown 
by Fig. 108, which is a plan view of a wrist-plate rod and its 
connections, it is evident that to remove the rod it is necessary 
to remove the rod from one of the sockets; whereas if it were 
arranged as shown by the next figure, the dismantling is effected 
by removing the two loose collars A and B. Then the length of 
the rod is not altered, and may therefore be replaced without any 
re-setting. These remarks apply to the governor trip rods, and in 
fact to all link- work of a similar nature. 
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CHAPTER VII. 
DOUBLE-ECCENTRIC GEARS WITH TRIP MOTIONS. 

Ck)NTBNTB. — Movement of Valves in Double-Eccentrio Gears — Diagram of 
Motion— Speed of Trip Gears — Range of Trip— Proportion of Valves — 
Mu8grave*s Trip Gear— Wood's Valve Gear — Inglis and Spencer's Slip- 
rod— Arrangement of Inglis and Spenoer*s Trip Gear — Pollit & Wiffzelrs 
Gear — Dobson's Trip Gear — Valve Diasram for same — ^Knook-off Gears 
and Vacnnm Breakers — Goodfellow's Gear — Governor and Trip Gear 
Design — Dashpots — Dashpot Springs. 

The advantage of double -eccentric gears has already been com- 
mented npon. It remains to discuss the action of this class. 

Movement of Valves in Double-Eccentric Gears.— The 

difference between the motion of a single- and double-eccentric gear 
is, that whilst in the single-eccentric gear the dwelling period of 
the steam valves occupies half the travel of the wrist plate, the 
steam valves of a double-eccentric gear have, strictly speaking, no 
dwelling period ; all the motion of the valve lever being taken up 
by lap, clearance of trip edges, and port opening. The steam valves 
never lap the port by an amount greater than the lap ; hence, other 
things being equal, a less movement of the valve lever is required 
than with a single-eccentric gear by the amount of dwelling angle 
referred to the valve circumference. It has been common practice 
to make the angular movement of double-eccentric steam valves 
from 60* to 70* ; and to make the port one-tenth the valve cir- 
cumference. These are good rules, and, with an ordinary amount 
of lap, give sufficient over-travel to produce a full port opening 
early in the stroke. 

The action of the steam valves will be understood from the 
annexed diagram and the following description: — 

Diagram of Motion.— The circle BCD (Fig. 110) represents 
the travel of the valve by its diameter, and the path of the crank 
pin by its circumference. Let the total range of trip be from C to 
E — that is about 75 per cent. Draw E B perpendicular to D, and 
from E mark off the lead EF. Then FD is the necessary lap of 
the valve, and the position of the eccentric is denoted by the line 
A B, the crank pin being, by supposition, at D. Describe the lap 
circle PNL. Produce AB to J, and describe the valve circle AG J. 
The valve and lap circles intersect at G. From A draw a line 
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through G, and produce it to the crank-pin circle. Then A K is 
the crank position when admission commences. From this point 
the port opening continues to increase, and at crank position A M 
is equal to A IT. A N is at right angles to B J, and the port 
opening for any position of the crank between A M and A O^ in the 
clockwise direction, is given by an ordinate between the lap circle 
and the remote side of the yalve circle. Thus, at A F the port 
opening is Q B, and so on. After A O, the port opening is indicated 
by the ordinate between the lap circle and the adjacent side of the 
valve circle. The lap and valve circles intersect at L. This 
denotes that the port is closed, and the diagram shows that it 
remains so till A K is reached. This would be the steam distribu- 
tion if the valves were positively connected to the eccentric-rod 



Fig. 110. 




and operated without the intervention of trip-gear, and it is seen 
that steam carries on to A L. Such a state of things is, of course, 
absurb, but it must be remembered that the trip gear releases the 
catches before the crank passes AB, and the valve closes, remaining 
stationary until re-engagement takes place. 

Speod of Trip G^UfS. — It will have been noticed that engage- 
ment of the catches must take place twice during each revolution of 
the engine, and as the catches in many cases only move past each other 
^ or ^ of an inch, it will be understood that there is not much 
time for engagement. In fiitct^ it ia well known that a speed of 
120 revolutions is about the limit for trip gears without wrist-plates,. 



126 DOUBLE-EOCBNTBIO OBARS WITH TRIP MOTIONS. 

but with them the speed may easily be increased to 140. Mach 

depends on design; and when high speeds are sought the parts 

which fly with the dashpot should be light, yet sufficiently strong ; 

and the part which carries the dropping catch should be so light as 

to give rapid engagement. When this speed is exceeded missing of 

the catches is a likely occurrence. 

In the previous ngure let JT represent the clearance of the 

catches. With centre A and radius A T describe the arc U Y. On 

A T as diameter, describe a portion of a circle cutting the valve 

travel circle in W and X. At X the catches are flush with each 

other. From X to T the clearance is being worked through, and 

at the latter point the valve lever is in its extreme position. From 

this point the catches approach one another and have re-engaged at 

W, at which point the valve begins to move. While the crank is 

passing from A X to A W the catches must re-engage or else a miss 

trip is the result. Take the case of an engine running at 100 

revolutions per minute, and let the angle X A W be 30*. 

Under these conditions the time for re-eugagement is only 

60 X 30 . , . . , - , 

^g^_gg-^;thatis^ofasecond. 

It may be asked, why not give the catches more clearance to 
allow a longer time for engagement) The objection to this proposal 
is that more clearance would cause the engagement to occur at a 
time when the wrist-plate levers were moving at a comparatively 
high speed, and the inevitable result would be a considerable jar 
on the catches and wear on the pins. When the clearance is 
small, the eccentric is very near its dead centre when engage- 
ment takes place and is therefore moving the wrist-plate lever very 
slowly. The catches thus engage easily and without shock. With a 
well-designed wrist-plate arrangement a less clearance may be given 
because of the slow motion of the valre-rods when the catches are en- 
gaging. For the same reason a higher speed may be obtained, because 
the modification of the motion due to the wrist-plate keeps the striking 
velocity of the catches low, and allows more time for engagement. 

Rangro of Trip. — It is usually 75 per cent» ; a smaller one has 
the disadvantage of increased lap, which, to maintain the same port 
opening means increased travel ; on the other hand, the full port 
opening is attained earlier in the stroke. By increasing the range 
the lap is decreased, but the crank position at full port is later. 

Proportions of Valyes,— As there is no dwelling angle in the 
steam valves of double-eccentric gears, it is sufficient to make the 
valve face lap the port on the back edge by an amount necessary 
for tightness and bearing surface when the valve is fbll doted. 

The width of the face will therefore I 



Sttun lap + width of port -I- back lap. 

The exhaust valves having dwelling periods, of course, like the 
«ing1e-eccentrio gears, their proportions are the same. 
Messrs. Husffrave's Trip Gear.— The form of trip ge«r made 
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by Messrs. Musgrave, Bolton, consists of a valve lever A keyed to 
the valve spindley and receiving motion from the rod B, which is 
provided with a steel catch. G^iis catch engages with a steel piece 




Mnsgrave's Trip Gear. 

on the valve-lever pin supported by the valve lever, but free to 
move therein. Connected to this spindle is the trip lever E, the 



Fig. Hi. 





AetioD of Catohet io Mnsgrave*! Trip Gear* 



npi^er end td wkkk m oatmajlcd to tbe gO fgg l ^^ l>^o ^ ^s in the 
manner indicated The detail of the catches will be better seen in 
Fig. 112, in which the gear is shown in two positions when set tor 
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the latest trip. At the left hand the catches have just engaged, 
and the yalve begins to move from right to left against the 
resistance of the dashpot spring. The valve lever continuing its 
motion causes the steel catch on the spindle gradually to become 
disengaged from the catch 0, because the upper end is held bj the 
governor, and for any one stroke may be considered stationary. In 
the diagram to the right the mechanism is at the extreme position 
in the opening direction. The catches are edge and edge and the 
valve lever is about to be moved by the dashpot, and to occupy the 
position indicated by the dotted line F G. 

The length of the trip lever E is regulated by the depth of 
engagement, the travel of the valve lever, and the width of the 
catch on the trip lever. 

Let H = distance from centre to edge of catoh (see Figi 112^ 

B m depth of en^ffement, 

C ss length of tnp lever, 
and D = travel of catch on trip lever, 

Then, in order that trip may occur at the latest possible point, the 



*- H 

equation -^ 



B 



Y: must be satisfied. 



To find the depth of engage- 
ment at the beginning of the valve lever's motion in the opening 
direction, for any earlier point of cut-off, substitute D' for D, D' 

Fig. 118. 




being the movement of the valve lever from the commencement of 
its travel to the point at which trip shall take place. The value 
of B for the earliest trip determines the movement of the end of 
the trip levers, it being equal 



=(¥). 



^^rp !B'. is the 4opth of engagement for earliest trip. The whole 
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matter is simply a question of leverage, the length of the trip lever 
being one arm, and the half width of the catch plate the other. 

If the travel of the valves is large the trip levers become incon- 
veniently long, and to avoid this Messrs. Musgrave usually employ 
double-ported valves, thereby reducing the traveL 




The arrangement just described is known as a ''push" gear, 
because in opening the valve the rod B is in compression. In push 
gears the eccentric must be directly opposite the proper position 
for a pull gear under the same conditions. I^. 113 will illustrate 

9 



130 DOUBLE-KCCENTBIO GBARB WITH TBIP MOTIOHB. 

the matter dearly. A B is the crank and A the eooentrio for m 
pull gear, bnt for a push gear AD would be the proper setting. 
The line A D is an extension of A B. It will be noticed that in 
Musgraye's gear the eooentrio-rod connects to the wrist-plate or its 
equivalent on the opposite side to which the valye-rods are coupled. 
This again alters the angle of the eccentric 180% thus bringing it to 
AC, Fig. 111. 

Musgrave's Latest Trip Gear. — ^The latest gear made by 
Messrs. Musgrave is shown in Fig.' 114. The rocking arm A, 
which carries the trip catches^ is actuated from the eccentrics 
by the rod B. The catches on the rocking arm engage with 
corresponding catches on the push-rods 0. The oscillation of the 
rocker arm actuates the push-rods alternately, and tripping is 
effected by the push-rods striking the rollers E. As the speed 
of the engine increases the rollers are raised, and consequently 
meet the push-rods at an earlier point in the stroke. An auto- 
matic knock-off arrangement is fitted, which lifts up the rollers 
and preyents the catches engaging should the speed exceed or fiJl 
below any desired limit. A reference to Vig, 124 will enable the 
action of this kind of mechanism to be more clearly understood. 

The exhaust gear calls for no special comment. The valyes are, 
of course, driven by a separate eccentric, and the valve levers 
vibrate equally on each side of the central position shown in the 
illustration. 

Wood's Valve Gear. — The Oorliss valve gear, made by 
Messrs. John and Edward Wood, Bolton, is shown by Figs. 115 
to 117. This gear possesses several interesting features. Its 
wearing qualities are exceptional, some engines of this make 
having run thirty years without any apparent deterioration beyond 
the wear of the catches and bushes, which are easily renewed. In 
Messrs. Wood's engines both steam and exhaust valves are at the 
bottom of the cylinder. This arrangement renders the valve gear 
readily accessible, even in large engines, whilst the arrangement of 
the valves insures perfect drainage of the cylinders. Another 
valuable feature is the accessibility of the buffer springs, and the 
ease with which they are adjusted. This is specially advantageous 
in a new engine, which requires stronger springs at firsts when the 
valves have not acquired the glassy surface which appears after 
a few months wear. Afterwards the compression on the springs 
can be reduced, and the pull on the gear proportionally decreased. 

Referring to Fig. 115, which shows the high-pressure valve gear 
of the cylinder of a tandem compound engine, the eccentric-rod 
A actuates the high -pressure driving bar B, a rod from which 
passes to a similar driving bar on the low-pressure cylinder. 
These bars are identical, except that the high pressure has a 
preparation at the back end to receive the rod D. The catch 
blocks E are carried in a fixing F, which is bolted to the cylinder ; 
and the steel catches are bolted to the catch blocks in the manner 
shown. The top catches are carried in the blocks G, and are i 



i 
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released at the proper instant in the following manner : — As the 
catch blocks move inwards to open the steam valves the block H 
slides up the inclined plane, which has a slope of one in four, and 
at some point of the stroke depending upon the height of this 

Fig, 116. 




plane, H lifts O, and thus disengages the catches. The valve at 
once closes under the influence of the buffer springs. The con- 
nection between the governor and the inclined plane will be traced 
from the illustration. The inclined plane is lifted by two small 
disc cranks, but it will be noticed that the resultant motion on the 
inclined plane is not a vertical lift, but is upwards and forwards. 
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This action is utilised to obtain equalisation of cut-off over a wide 
range, as hereafter explained. 

The automatic knock-off gear is very neat and effective. The 
disengaging levers J have each a finger carrying an adjusting 



Fig, 117. 




screw or pecker at the end. When the safe limits of speed have 
been exceeded in either direction, the pecker of one of these fingers 
strikes the lever K, which lifts the lid L, thus raising the oatch 
blocks G out of gear. The catch M then springs into the lifting 
spindle, and prevents it dropping until released by the attendant* 
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The latch N allows the catches to become engaged when tne 
governor is in its bottom position. As the latter rises the catch on 
N leaves the lifting spindle, and the small unbalanced weight on N 
brings the circular part of it under the spindle, and it is then 
ready to disengage should the speed limits be exceeded. 

The governor lay shaft is provided with a compensating weight 
and lever O, which are extremely useful in adapting the governor 
to its exact requirements. By placing the lever at certain angles 
it can be made to increase or diminish the sensitiveness of the 
governor, and by moving the weight in or oat the running speed of 
the engine is varied. It will be observed that if the lever is hori- 
zontal when the governor is in bottom position it will have a 
decreasing leverage as the governor rises, and this will enable the 
governor to rise to its top position with less increase of speed than 
otherwise, and hence its sensitiveness is increased. By placing the 
weight vertically and downwards the opposite effect is obtained. It 
is thus possible to get a very fine adjustment to suit the exact 
conditions of running desired. 

The exhaust valves, which in all Messrs. Wood's engines are 
double-ported, receive a positive motion from the eccentrics without 
the intervention of wrist- plates. Outside bearings are provided 
for the valve spindles, and steam-tightness is obtained by a coned 
metaUic joint. The whole gear is very substantially made, the 
catches are of great width, and cross strains on the disengaging 
levers and catches are avoided. 

A valve diagram for the steam valves is shown, and indicates 
the movements of the steam levers, inclined plane, and governor 
for various points of the stroke. In. the construction of this 
diagram the movement of the valve levers is first set out, the 
necessary clearance of catches, lap, and lead determining the angle 
of advance, as shown. The circle C D is then described, and this is 
supposed to be the crank-pin circle. On the line AB as centre, with 
the length of the connecting-rod as radius, the arcs are drawn for 
piston positions -X^ -j^, ^, ^V* ^^^ ^^ ^^' ^^® inequalities due to 
connecting-rod influence are clearly shown, and it appears that the 
latest possible trip is about ^j^ for the forward stroke, but only 
X on the back stroke. The actual limits permitted are ^ on the 
forward and j% on the backward stroke. In actual working a later 
cut-off than the diagram shows is possible ; for, when the engine is 
running up to speed, the piston may have travelled several inches 
from the time of the release of the catches to the actual closing of 
the valve. This fact shows that the pointers which are sometimes 
fitted to trip-gear en^i^ines, and which purport to show the point of 
cutoff, are necessarily erroneous. The index can only be marked 
off when the engine is being burred round slowly, when the piston 
position is practically identical for the release of the catch and 
closing of the valve. It has sometimes puzzled engineers to find 
indicator diagrams showing a longer range of cut-off than the gear 
is apparently capable of encompassing. The explanation is that 
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the piston is actually trayelling as quickly as the closing valve, and 
moves an appreciable distance between the instant of release and 
the closing of the valve. 

Reverting to the valve diagram, the theoretical limits of the 
gear over which the governor has control are from the admission at 
lead to ^ forward stroke ; this is between positions E and F of 
the valve lever » distance G. The slope of the inclined plane is 
1 in 4, and therefore the total rise of the inclined plane must 

be — = distance K in diagram. The valve lever positions are 

then transferred to the inclined plane diagram shown at the right 
hand of the figure, and the catch blocks H are drawn in the 
position they occupy when the valves are closed. The inclined 
plane is shown in the position for earliest cutoff, and when the 
blocks have been dragged a distance equal to L they will have run 
up the inclined plane just sufficient to work off the depth of 
engagement and the clearance between the block and the inclined 
plane. It is this position which is chosen as the central position 
of the inclined plane, so that equal leads are given. As the cut-off 
lengthens the inclined plane must move towards the back end as 
well as downwards to maintain an equal cut-off at each end, and 
from the diagram of the disengaging cranks it is evident that this 
action is obtained. When the governor is central the theoretical 
cut-off is a little later than y\p The inequality of piston position 
is then the difference between distances M and N, and, therefore, 
the inclined plane should be thrown from the central position 
a distance equal to half this difference » O in disengaging crank 
diagram. The radius of the disengaging crank being known, an 
arc is drawn to pass through the two points P and Q, and this 
determines the position of the crank pin in relation to the lever J. 
By this construction an equalisation of cut-off is obtained over 
a wide range. Marks are cut in the disengaging cranks as shown, 
and the erector adjusts the trip-rod accordingly. 

IngUs and Speneer Slip-rod. —The well-known Inglia and 
Spencer slip-rod, the construction of which is shown in Fig. 118, 
has established itself as a simple and reliable form of trip gear. 
The end A embraces the wrist-pin and carries the spring clips C C, 
which are secured by bolts as shown. The end B telescopes on 
this piece, and is provided with steel catches to engage with the 
pieces on the clips. The eye D is coupled to the valve lever. 
Tripping is effected by the toe lever E forcing open the steel clips 
and releasing the catches. The upper end of the toe lever is under 
the control of the governor, and by its inclination to the slip-rod 
determines the point of tripping. It will be seen that when the 
slip-rod moves in the direction from B to A and the upper end of 
the toe is stationary, the result is to cause the head of this lever 
to move round on its centre, and in so doing force open the clips. 
The piece B then springs forward in consequence of the pull of the 
dashpot on the opposite end of the valve lever to which B is con* 
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nected, and thus the valve ia closed. The part B is then stationary, 
but A, being connected to the wrist-plate, continues its motion 
until the catches on the clips move past the catches on B, so that 
engagement takes place, and the whole rod moves together. To 
prevent noise during engagement the clips are provided with 
leather pads, which, falling on B, prevent any metidlic click that 
would otherwise occur. 





IngUs and Spencer Slip-rod. 

Arrangement of Inglis and Spencer Trip Gear.— The 

annexed folding plate shows the practical application of the above 
form of trip gear. The makers are Messrs. Hick, Hargreaves & Co., 
Bolton. Separate eccentrics and wrist-plates are employed for the 
steam and exhaust valves, thereby allowing of a wide range of trip. 
The Inglis and Spencer slip-rod is clearly shown, add also the con- 
nection of the toe levers to the governor. The trip-rods are made 
to move in equal and opposite directions by toothed sectors fastened 
to the spindles on which the levers carrying the trip-rods are 
secured. The sectors, which do not appear in the engraving, are 
situated under the dashpot. The gear is shown set for the latest 
trip, the back steam valve is wide open, and the toe lever is about 
to release the clips in the manner previdusly described. The 
rectangular projection on the dashpot levers is for lifting the 
catches into gear on starting the engine. The socket end of the 
lever lying near the foot at the back end of the cylinder fits the 
projections on the dashpot levers, gives the attendant sufficient 
leverage to overcome the resistance of the dashpot spring and 
bring the catches into gear, or a square is sometimes formed on 
the valve spindle and a suitable key provided to fit it, as is dona 
in the engine figured in the frontispiece. The exhaust portion of 
the gear calls for no special remarks, being the usual arrangement 
adopted when wrist-plates are employed. 

Pollit ft Wigzell'S Gear.— In the gear made by Messrs. 
Pollit A Wigzell, Limited, motion from an eccentric is given to 
a cast-iron disc or wrist-plate oscillating on a fixed pin placed 
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below the centre of the engine and centrally between the two 
steam valves (see Plate v.). This disc is again connected to the 
gear of each valve by means of an adjustable coupling link. The 
valve gear proper (see Fig. 121) consists of a bell crank lever A, 
which 18 loose on the valve spindle, and to one end of which is 
connected the coupling link from the disc or wrist-plate, the other 
end of the bell crank lever supporting a pawl having on the under- 
side a steel die which gears with another steel die on a brass 
quadrant keyed to the valve spindle. Between the sides of the 
quadrant, and swinging loose on the valve spindle, is a cam with 
a lever attached to couple to the governor. The function of this 
cam is to regulate the point at which the steel tripping catches 
are released. The point of the pawl rests on the face of the 
cam, being kept in position by a spiral spring, not shown, and in 
its motion as it passes over the highest part of the cam is lifted out 
of gear with the steel die of the quadrant. 

Placed between, and nearly on a line with the steam valves, 
and fixed to a bracket on the cylinder is the dashpot, which con- 
sists of a double cylinder, each end of which contains a piston and 
a flattened rod coupled to a pin fixed on the outside of the brass 
quadrant previously mentioned. At the front of each dashpot 
piston is a spiral spring, so that any motion given to the piston 
must compress the spring. 

The action of the gear is as follows: — Just before the crank 
reaches one of the dead centres, and the steam valve at that end is 
ready for opening, the valvH gear will be in such a position that 
the two steel dies are just ready to engage with each other, and the 
dashpot piston will be at the end of its stroke with the spring 
fully extended. 

As the bell crank lever receives motion from the central disc, 
the steel die of the pawl engages in gear with the steel die of the 
quadrant, and the lever, therefore, carries the quadrant with it in 
its motion, thus opening the steam valve, and, at the same time, 
drawing forward the dashpot piston and compressing the spring. 
This action continues until the point of the pawl slides up the 
highest point of ihe cam, and is lifted out of gear with the quad 
rant. Then the dashpot spring extends itself, carries the quadrant 
back to its original position, and closes the valve, whilst the bell 
crank lever continues its motion to the end of the stroke. 

The governor in its varying planes moves the cam into position 
so as to release the catches sooner or later as required by the load 
on the engine. The dashpots are fitted with air regulating valves 
to prevent hamn ering action on the part of the dashpot pistons. 

DobSOn'S Trip Gear. — Dobson's trip motion is illustrated by 
Fig. 122. The sliding piece A is carried by a bracket fixed to 
the side of the cylinder. This sliding piece receives its motion 
from the eccentric which couples to pin B. At each end of A are 
the trip boxes 0, carrying tripping pieces E, and trip levei*s D. 
The latter are connected to each other and to the governor in the 
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manner shown. At certain periods the tripping pieoes engage with 
steel catches secured to the hollow spindle F, and by their engage- 
ment drag F and the dashpot piston secured thereto against the 
resistance of the dashpot spring. The upper ends of levers D are 




anchored on the beam lever, which is in turn connected to the 
governor ; and the effect of A sliding to and fro is to cause these 
levers to oscillate on their centres, thus raising the tripping blocks 
E and causing liberation. The illustration shows the slide A in 
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mid-position, and both steam Yalves are closed. Assuming one 
set ot catches are engaged, any movement of the upper ends of 
the trip levers D in an outward direction would delay liberation, 
whilst movement in the opposite direction would hasten it. The 
projections G are provided in case of failure of the buffer springs, 
for on the return stroke of the slide A the valves would be dosed 

Fig. 128. 




positively, and thus prevent high-pressure steam rushing to the 
low-pressure cylinder, thereby giving a dangerous excess of speedy 
besides throwing stresses on the engine which it is not designed 
to resist. The omission of such a detail has, in some cases, caused 
disastrous breakdowns ; for unless the high-pressure steam valves 
are closed when a spring breaks nothing can prevent high-pressure 
steam reaching the low-pressure piston. 
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Valve Diasrram for Same. — The valve diagram shows the 
motion of the steam valves for both back and front ends. Starting 
at point B (Fig. 123) for the back steam valve, the motion from B to 
G is taken up by clearance of trip catches. Lap is then worked off 
and the valve opens, and at D the admission commences. From D 
to E on the arc of the valve lever is lead, and the projection of E to 
the circle indicates the position of the eccentric when crank is on 
dead centre. Let H be the projection of E, and let O H be pro- 
duced indefinitely. With centre on O H produced, and with a 
radius which bears the same ratio to the radius of the circle B H J 
as the oonnecting-rod bears to the crank, describe arcs for any con- 
venient number of crank positions. Where these arcs intersect 
B H J project lines to the arc of the valve lever pin. (See the 
accompanying figure.) The port opening for any crank position is 
then at once read off. In the present case, the range of trip is 
seen to be from J to H, about 75 per cent. The port opening at 
one-tenth stroke is 1^ inches; at two-tenths, 2^ inches; at three- 
tenths, 2f inches; and so on. The unequal oistribution due to 
connecting-rod influence causes the range of trip for the back 
stroke to be somewhat less than for the front stroke. The dia- 
gram shows this. The necessary movement of the trip levers to 
encompass the full range of the gear may be found from this dia- 
gram. Suppose the range of trip is from the beginning of lead 
to -^jy on the forward stroke. The positions of the valve lever for 
each point can be read off from the diagram, and the angles be- 
tween the two lines indicating these positions is the total angle 
through which the trip levers must be moved. The truth of this 
statement will be verified by drawing the gear in the two positions, 
and plotting the trip levers down to give release at these positions. 

Knoek-off Gears and Vaeuum Breakers.— in high-class 

Oorliss engines it is often necessary to fit an automatic knock-off 
gear in connection with the governor, so that should the speed of 
the engine exceed or fall below certain limits the trips will be 
thrown into such a position that will prevent engagement of the 
catches, the result being that both steam valves remain closed, 
and the engine thus brought to rest. Dangerous excess of speed 
might be caused by a breakage of the driving belt or ropes, or a 
fracture of the main driving shaft. On the other hand, failure of 
the governor driving gear, seizure of one of the main bearings, or 
the presence of any obstacle in the main drive, would probably 
cause the governor to fall below the normal plane. Fig. 124 
illustrates a neat form of knock-off gear, and is the type employed 
in the engine shown in the frontispiece. The rod A is actuated 
by the governor, and in turn moves the trip lever B in the usual 
manner. The end of A is carried in a long socket, and is notched 
to receive the catch 0. When this catch is engaged in the notch, 
as shown, the whole moves as a solid rod, but when the trigger D 
strikes either the finger E or F the catch is lifted out^ and the 
coiled spring flies out and drags the top arm of B to the left. 
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which prevents the catches engaging. The fingers E and F are 
carried in slots, and by adjusting their position the knock-off can 
be made to operate at any desired speed above or below the normal. 
The finger F is removable, so that on stopping the engine the 
governor can descend to the bottom position without disengaging 
the catch. On starting again, the finger is replaced after the 
engine has attained normal speed. In the example in question 
the spring exerted a thrust of 85 lbs. on the socket at the instant 
of release, and this force was found sufficient to move the trips 
very suddenly. Stops should always be provided to prevent the 
spring forcing the trip levers too far. Sometimes a weight is 
employed in place of a spring, but the arrangement is not so 
compact as the present example. A vacuum breaker is included 
in the arrangement, to prevent the engine working with the 
vacuum after the steam valves are closeoL The valve G is 
screwed on the end of a line of small pipes leading to the con- 
denser. After the catch has been released the finger H lifts 
the vacuum-breaker valve, and air rushes down the pipes to the 
condenser, thus destroying the vacuum. A vacuum breaker, it 
may be remarked, should always be fitted to knock-off gears on 
oondensing engines. 

Fig. 124. 




Knock-off Gear and Vaoaum Breaker. 

600dfell0W*B Gear.— Benjamin Goodfellow, of Hyde, Man- 
Chester, constructs a trip motion in which catches are dispensed 
with altogether. In his arrangement a knuckle joint is the device 
employed, and tripping is effected by the knuckle doublinff up and 
leaving the valve to the influence of the dashpot. The rod £ (Fig. 
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125)receive8 its motion from the eccentric-rod without the interven- 
tion of a wrist-plate. The levers F F slung from brackets on the 
valve bonnets carry this rod, which is provided with a preparation 
for carrying a piece D. This piece forms the centre for the tripping 
finger. The double-ended valve levers C are connected to the 
dashpot on one side, and to the piece D through the medium of 
the knuckle joint formed of the levers A and B. In the figure, 
the gear is shown in the extreme position, and it will be seen that 
the knuckle for the back end is nearly straight. Any movement 
of E in the direction of the arrow will give an equal movement to 
the valve lever at the back end, because the central pin of the 
knuckle is slightly below the line connecting the two extreme pins, 
and the knuckle is prevented from doubling in a downward direc- 
tion by a protuberance on the brass link A which rests upon the 
carrier rail £. The forward motion of the valve lever will continue 
until the tripping finger N, which forms part of the link B, comes 
in contact with the tripper M. When this occurs the knuckle at 
once closes up, and assumes a position similar to that shown at the 
front end. The trippers M are under the control of the governor, 
And by their position determine the point of cut-ofiEl The hole in 
the brass link A is made larger than the pin of the valve lever 
which it embraces. The object of this clearance is to allow the 
centre joint of the knuckle to fall below the other joints, bo as 



Fig, 126. 




Goodfellow's Qeax, 

to ensure no doubling up unless the trip finger is struck by the 
tripper. This play in the link corresponds to the clearance of 
ordinary trip gears. A leather pad on the link A deadens the 
noise when the gear attains its extreme position and the link falls 
on the carrier rail. 

The method by which all plucking action on the governor due to 
the tripping lever striking the finger is avoided is very ingenious. 
The trip lever is hinged from the sliding collar, and is provided 
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with stops on its upper end, which, whilst allowing the lever a 
little free play, prevent it swinging out of the way of the finger. 
The effect of M and N striking is not to slide the collar along the 
spindle and thus pluck the governor, but to cause the trip lever to 
bind on the under side of the sliding collar. 

A later form of trip gear made by Messrs. Benjamin Gk>odfelloWy 
Ltd., is shown in I^g. 127. The carrier rail A is actuated by 
the steam eccentric-rod and on the carrier levers B, which are 
suspended from the bridles, and are not connected to the valve 
spindles. The carrier rail carries two cast-iron trip boxes G, 
which are secured in position by hexagon nuts, and are prevented 
from turning by feathers on the carrier raiL These trip boxes 
carry the catches and the trip cams, and support the ends of the 
die-rods D. The double-ended leyers E are keyed to the valve 
spindles, and are connected with the dashpot-rods on one end and 
with the die-rods on the other. Starting with the carrier rail in 
extreme position to the left, tiie left-hand dashpot piston will be 
home, and as the carrier rail moves to the right the clearance 
of the catches is first taken up, after which the die-rod will be 
dragged with the carrier raiL At a certain point, determined 
by the position of the trip cam F, the die-rod is lifted clear of 
the catch piece O, thus allowing the dashpot to close the valve. 
The die-rod has a loose hardened-steel catch piece that engages 
with O, and is also provided with horns H, so that should the 
dashpot fail to dose tiie valve, either through fitdlure of the spring 
or sticking of the valve, the trip boxes will do so on their return 
stroke. The catch piece O is circular where it fits into the trip 

Fig, 126. 




box, and is prevented from turning by set screws. The section 
of the trip cam is a sector of 120*, the edges being well rounded. 
In the first gears that were made springs were provided to assist 
the die-rods dropping into place, but it was soon found that the 
weight of the cue-rod itself was sufficient to ensure engagement 
up to 100 revolutions per minute, and the edges of the catches 
being very slightly undercut, effectually prevents disengagement 
except at the proper instant. In vertical engines springs are, of 
course, necessary to keep the die-rods in gear. 

The length <^ the trip levers is important. If too short the 
working angles become unsuitable for easy running, and if too 
long they are unsightly, and the lifting out of the die-rods is 
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sluggish. As the action of the trip levers is similar to others, 
it wiJl be well to consider it minutely. The worst positions are 
when the carrier rail is at the extreme limit of its movement in 
one direction, and the end of the trip levers in their extreme 
position in the other. Referring to the diagram (Fig. 126), in 
which extreme positions are shown by dotted lines, it is evident 
that a lever much shorter than that shown will, with the amount 
of travel indicated, give unworkable angles. The Angle A is 
not greatly affected by wear in the pins or a slight adjustment of 
the trip boxes, but a slight alteration or wear would seriously affect 
the angle B, and render a double-up possible. This angle, therefore, 
should not exceed 140*, whilst A should not be less than 22**. 

GoTemor and Trip Gear Design.— It is highly important 

that all the levers and pins connecting the governor with the trip 
gear should be quite easy, otherwise satisfactory governing is 
impossible. A little play in the pins is no objection provided 
the link work is properly designed. Keferring to Fig. 128, which 

Fig. 128. 





shows the linkwork between a governor and trip gear of a Corliss 
engine, it is evident that by placing a weight in the position 
shown the stresses in the rods are constant in direction, and the 
pin-holes might be slots without introducing any lost motion* 
This is a useful point to remember, because many cases of defeo- 
tive governing have arisen through pins being made too tight 
through fear of introducing lost motion ; and, in other cases, slack- 
ness in the joints has been permitted without any attempt to 
eliminate lost motion. Other important points are to have the 
opposite arms of the governor of exactly the same length, the 
balls of equal weight, and the pins disposed symmetrically about 
the axis of revolution. If these conditions are neglected there 
will be disturbing effects on the centre weight which may cause 
undue friction on the central spindle and thus prevent effective 
governing. 
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Provided a goyemor is gufficiently stable to resist the plucking 
action of the trip gear, it will give better results with a short liS 
than a long one; but with short lifts it becomes increasingly 
important that lost motion be eliminated. Sappose that there 
are two governors exactly alike in every particular, except that 
one moves the trip gear through its full range with a lift of 3 
inches, whilst the other encompasses the full range with 1 inch 
of lift, the governor with the short lift would regulate the speed 
within one-third the limits of variation given by the other, assuming 
that equal increments of speed produced equal rises of the governor, 
and that the inertia of the revolving mass on the crank shaft was 
sufficient to render such closeness possible. 

The expression "too sensitive is often applied to governors. 
It is an erroneous term ; for a governor which is master of its 
valve gear cannot be too sensitive. Hunting governors, which 
are often said to be too sensitive, are in reality too sluggish for 
their duty, and the cause of their hunting is frequently iound to 
be due to the inertia of the centre weight, the effect of which con- 
tinues beyond the time at which the right position of trip has 
been given. With a rapidly and widely varying load a very 
sluggish governor with a large lift will develop this defect. When 
this trouble occurs an oil cylinder is often applied to smooth down 
the excessive hunting ; but a well-designed apparatus should need 
no appliance of this nature. 

For very fine governing geared drives are better for governors 
than ropes or belts, as these flexible connections fail to transmit 
sudden changes of speed with sufficient precision. It is also good 
practice to drive the governor directly from the crank shaft rather 
than from a cam shaft, as the shock of the valve gear is liable to 
be transmitted to the governor, which, as a consequence, will 
develop dancing. 

The above remarks on governor gear apply equally to gas 
engines, air compressors, and, in fact, to all classes of machines 
in which governors are employed. 

It will be convenient to conclude this chapter with a few remarks 
on dashpots. 

DashpotS. — The vacuum dashpot shown by Fig. 129 rests upon 
a cast-iron plate secured to the engine foundations. The dashpot- 
rod connects to the pin A, and lifts the plunger B, thus forming a 
vacuum between it and the casing 0. Tightness is obtained by the 
leather ring D secured in position by a circular nut. The small 
valve £ is free to move in one direction only, and allows air to 
escape from the vacuum chamber into the atmosphere. F is the 
cushion chamber, the object of which is to prevent the dashpot closing 
violently. The cushion part of the plunger is provided with a 
leather pad which falls on a pad fiistened to the bottom of the 
cushion chamber. When the piston descends, the small valve G 
regulates the escape of air from the cushion chamber with the 
greatest nicety, and renders the action practically noiseless. 
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The digram of the apring dashpot is eelf-explanatory, and it 
only remains to say that the valve A regnlates the cushioninir of 
the piston u the manner already described. 
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Spring Dashpot. 

A vacaum dashpot is not suitable for a double-eccentrio gear, 
because the small moyement of the valve lever from engaging 
position to admission point does not raise the plunger sufficiently 
to produce a good vacuum. There must be some clearance in 
the vacuum chamber, and therefore the degree of rarity of 
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the atmosphere therein is proportional to the lift. In double- 
eccentric gears the valy^ movement for early cnt-off is Tery 
small, and is insufficient to secure prompt action of the dash- 
pots ; but with single-eccentric gears, the dwelling and lap angles 
must always be worked through before steam opens, so that 
even at the earliest cut-off the dashpot lever lifts a considerable 
amouDtb With a spring dashpot, an initial tension or compression 
can be given, which will close the valves promptly at all grades of 
expansion. 

Dashpot Springes. — ^The strength of dashpot springs is a sub> 
ject on which engineers differ considerably, and, indeed, the ques- 
tion is one of individual judgment and experience and not one of 
exact calculation, the influencing factors being numerous and only 
approximately known. The friction of the stuffing box and the 
coefficient of valve friction can only be assumed, and these are the 
chief factors to consider. 

The following table has been compiled from the writer's experi- 
ence, and gives the strength of springs for a wide range of sizea» 
The examples are all from actual cases which have proved satis- 
factory in working : — 



Diameter and 
Length of Valre. 


Boiler or 

Steam Chert 

Freesnre. 


Tienfeth 

ofDaahpot 

Lever. 


Katnieof 
Spindle Packing. 


Vorce exerted 
Closed. 


Inches. 
3i X 16 
4i X 21 
6 X 26 

5 X 27 
6i X 80 

8 X 66 

6 X 34 

7 X 42 

9 X 60 


Lba. 
120 
IfiO 

60 
200 
106 

38 
120 

70 

30 


Inches 

6 

6i 


Hemp. 
Cone metallic. 

t» 
Hemp. 

i> 
Coned. 
Hemp. 


Lbs. 
108 
120 
126 
105 
200 
280 
180 
200 
278 



The springs should be as long as convenient, in order that the 
dosing pressure may not be excessive when the gear is working 
on late cut-off. One of the difficulties met with in the running of 
Corliss gear is to obtain prompt closing at early cut-off without 
hammering at the late cut-off; for if the spring be only strong- 
enough to close the valve when the latter is wide open, and prac- 
tically in equilibrium, it will be too weak to close it promptly at 
a very early cut-off when the spring has less compression upon it. 
Another objection to a short spring is that the force required to 
lift the catches out of gear varies greatly between the earliest and 
latest cut-off, and may cause some disturbance to the governor. 
The advantage of a long spring is therefore obvious. 

The examples are all from engines with double eccentric gears. 
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and with laps varyinff from VV ^ i ^^^^« ^^ single ecoentrio gears 
it has been found that a stronger spring is required; and the 
reason is that the valves Nrhen open are nearly in equilibrium, and 
the springs give considerable momentum to the valves, which is 
quite sufficient to carry them home the short distance they cover 
tne port at the extreme point of their travel; but in single eccentric 
gears the springs must move the valves over the dead angle as 
well as the lap, and it is well known that when the valves are 
closed they require most power to move them. 
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CHAPTER VIII. 
SINGLE ECCENTRIC GEARS WITH LARGE RANGE OF TRIP. 

OoNTBNTS.— Frikart Single Eccentric Gear— Valve Diagram for Frikart Gear 
— Faroot Gear— Features of Cylinder— Wheelock Gear— Size of Tripping 
Catches — (General Remarks. 

This chapter deals with several gears which form exceptions to 
the rule that tripping can only take place when the eccentric is 
moving in the opening direction. 

FrUEart Single Eccentric Gear.— The first gear to notice is 

that invented by Frikart^ and made under license by Messrs. Green- 
wood & Batley, Leeds. The peculiarities of this gear permit of 




Frikart Single Eccentric Gear. 



both steam and exhaust valves being operated by one eccentric, 
whilst giving a range of trip up to 75 per cent., or even later. 
Another advantage is that in consequence of engagement being 
positive — that is, not relying upon springs to bring the catches 
into gear — the motion is adapted to speeds quite unsuitable for 
ordinary trip gears. 

In order to understand the action of the trip itself, it will be 
necessary to consider the arrangement of the rods and levers. In 
the diagrammatic sketch, Fig. 181 A is the crank shaft on which is 
keyed the eccentric, giving motion to the wrist plate through the 
swing lever G. The wrist plate communicates its motion to the 
exhaust valves in the usual manner ; but the steam valves derive 
their motion through the medium of several levers. The detail of 
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the trip is shown by Figs. 132 and 133. The two levers A and B 
oscillate npon the valve spindle, the wrist-plate lever A being loose, 
and the dashpot lever B keyed on. Swinging on the upper end of 
A is the tripping lever and catch 0, which at certain periods. 



Fig. 133, 



Fig. 132, 





Fig. 184. 



Frikart Single Eccentric Qear. 

engages with the dashpot lever. is so oonstructedi that when 
the centre of the pin D coincides with the centre line of the valve 
spindle, the dashpot lever is free to descend and cat off steam. 
Fig. 1 34 shows the gear in another position, where the centre of 
the trip lever pin is not coincident 
with the centre of the valve spindle ; 
and where the dashpot lever is being 
raised because of the engagement of 
the trip lever with it. 

Reverting now to Fig. 131, the 
motion of the trip levers will be 
understood. From a suitable point 
on the eccentric-rod, the lever N 
receives motion. N in turn operates 
the levers K by means of the three- 
armed lever T. The governor con- 
nects to T by means of swinging 
links, and by its position determines 
the inclination of the three-armed 
lever. The latter has a constant 
motion from the eccentrio-rod, so 
that the sovemor does not regulate the amount, but simply the 
position of that motion. The levers are thus seen to be under 
the influence of three movements. In the first place they are 
carried round by the wrist-plate levers; the second motion is 
derived from the levers K; whilst the governor, as before stated, 
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regplates the position of the lever T, and consequently the time at 
which the trip lever pin coincides with the centre of the valve spindle. 
The lever A (Figs. 132 and 133) is so formed that in case of the 
dashpot sticking, the lever B will be forced to descend by coming 
in contact with the projecting part of the wrist-plate lever. With 
this arrangement there is no fear of the steam valve remaining open 
throughout the stroke, even if the dashpots fail to act. 

Valve Diagram for Frikart Gear.— The motion of levers K 

is equivalent to that which would be derived from an eccentric set 
at right angles to the eccentric A (Fig. 131), and remembering 
this, it is easy to construct a diagram showing the action of 



Fig. 186. 




Valve Action shown for latest Trip. 



the trip levers very clearly. In Fig. 135, the position of the 
eccentric is given by the line A B. C D is the lap circle^ and 
cut-off is therefore at A E. So far, the diagram is similar in every 
respect to the diagram for a slide valve, with the same lap and 
angle of advance. At right angles to AB, draw the line F.G, equal 
to the travel of the trip levers due to the levers K ; and on F G 
describe the circles as shown. When the governor is revolving in 
its normal plane, the coincidence of D (Figs. 132 and 133) with 
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the valve spindle occurs when the crank is at A B, and cat-off is at 
this point. Suppose the governor to fall and move the centres of 
the trip-rods a certain amount. With this amount as radius, 
descrihe an arc cutting the polar circles at H. Produce A H, 
which in this instance falls on the line A E. Tripping now takes 
place at AE^ the point where the valve closes hy virtue of its 
lap and movement from the wrist plate. Suppose the governor 
rises and moves the trip levers in the opposite direction. Then 
the- intersection of the circle whose radius equals the amount of 
displacement with the polar circles indicates the position of cut-ofil 
In the diagram, A J represents the displacement, and tripping is 
seen to be at A K, 

Diagrams of the movement of the steam and exhaust valves are 
given by Fig. 136; that to the left being the steam diagram, 
and the right hand the exhaust. Referring to the steam 
diagram, it is seen that full port opening is attained at 10 per 
cent, in the stroke ; a result which must be considered very satis- 
factory. The peculiar concavity of the exhaust diagram at A 
indicates that the disposition of the wrist-plate pins and exhaust 
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valve-rods is faulty, insomuch that there is a double reversal of 
stress on these parts. The diagrams owe their iiregular form to 
the presence of the wrist-plate, which modifies the motion so that 
the valve movement is no longer represented by an ellipse. 

FarCOt Gear. — The Farcot gear is another example of a single 
eccentric motion giving a wide range of trip. This gear was 
illustrated and described in Engineerwg some time ago, and the 
following description and cuts are taken from that source. (See 
Folding plate) : — 

« The general arrangement of the valve gear is shown by Fig. 
137, while Figs. 138 to 141 represent the cut-off gear in detaiL As 
will be seen from the general view, but one eccentric is used, this 
giving motion to a wrist plate, which is connected by rods c to 
levers d mounted loose on the admission-valve spindles (see Figs. 
139, 140, and 141). The lower part of each lever d carries a catch 
/which is constantly drawn towards the valve spindle by a spring. 
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Upon the valve spindle is keyed an arm g, which is acted upon by 

a spring tending constantly to close the valve, and which, on the 

other side of the valve spindle, carries a steel catch plate h (Fig. 

139), arranged so as to engage with the corresponding steel plate j 

carried by the catch /. It will be readily understood how by this 

arrangement the oscillation of the lever a in one direction gives an ' 

opening movement to the valves, while the closure of the latter 

under the pull of the spring connected to the arm g will evidently 

take place whenever the steel plates j' and h are disengaged irom 

each other. \ 

** The disengagement of the catches h j la effected, under the 
control of the governor, by an ingenious arrangement, which we 
shall now describe, and which permits of the cut-off being varied 
from zero to 80 per cent of the stroke. In the ordinary Corliss 
gear it will be remembered that the detachment of the valve must 
take place while the latter is opening, and thus, if detachment has 
not taken place before the valve is fully open, the admission goes on 
to the full extent permitted by the undetached valve. In the 
Farcot gear, on the other hand, the detachment may take place on 
either the opening or closing strokes of the valve, the means 
by which it is effected being as follows: — On the boss through 4 

which each admission valve spindle passes, are mounted two cams ] 

k ky as shown by Figs. 138, 140, and 141; these cams being 
coupled by the links Zl' to one arm of a bell crank (see Figs. 137 
and 138), the other arm of which is connected to the governor. The 
projections on these cams act upon the detent / as follows : — ^The ' 

projection of the cam h acts directly on the finger m (Fig. 141) and \ 

serves to lift the detent /and release the valve during the opening 
stroke of the latter, thus cutting off the steam at any point from 
zero up to about 35 per cent, of the stroke ; the cam ^, on the 
other hand, acts upon the movable finger n, and serves to release 
the valve during its closing stroke, thus cutting off the steam at 
from about 35 to 80 per cent, of the stroke. 

" Referring to Fig. 141» it will be seen that the finger n slides 
within nt, and is pressed out by a spiral spring. During the open- 
ing stroke of the valve, n is pressed within m bv its end coming 
into contact with an inclined sur&ce on the cam h giving the longer 
admissions. In this way the cam V is prevented from interfering 
with the action of the cam h when the engine is working with 
short steam admissions. On the other hand, when the opening move- 
ment of the valve has taken place sufficiently far, the projection on 
V completely passes the finger n, and the latter is then foroed out by 
its spring ready to engage with the projection of the cam V during 
the return stroke of the valve. 

" The wearing parts of the gear we have been describing are of 
simple form, and are readily renewable, while, being made of hardened 
steel, the wear on them is exceedingly small. As compared with 
the Farcot gear exhibited in 1878, that now described has the ad- 
vantage that the arrangement for giving late admissions is not in 
continual use. When working with the short admissions usual with 
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this class of engine, the finger n remains projecting freely from m, 
and it is only thrust back within the latter when longer admissions 
«re required. The slopes of the cams k and A^ also being very gentle, 
exceedingly little work is thrown upon the governor. 

** A special arrangement of one of the cams also prevents the 
engine from running away in the event of the governor breaking 
down, this cam shutting off the steam completely in the event of the 
governor stopping and the balls closing. It will be noticed on 
reference to our detail views that the valve spindles are without 
stuffing boxes, they simply working in well-fitting gun-metal bushes 
fitted to the bosses through which they pass.'' 

Features of Cylinder. — ^A section of the cylinder is shown by 
Fig. 142. The endeavour to reduce clearance by placing the valves 
in the covers will be noticed and appreciated. The steam-jacketing 
is a special feature of this engine ; and an inspection of the figure 
will show that the covers are also constructed to give ample space 
for boiler steam. 

A point to which exception may be taken is the double reversal 
of stress on both steam and exhaust rods and wrist-plate pins, due 
to the particular location of the latter; but this point has evidently 
been subordinated to that of keeping the dwelling angles as small 
as possible. That there is a double reversal of stress on these parts 
is apparent from the general view of the engine. 

WneelOCk Gear. — As another example of a single eccentric 
gear giving a wide range of trip, the Wheelock gear may be cited. 
The rods which actuate the trip levers receive their motion from 
the eccentric in a similar manner to the Frikart gear. The governor 
determines the position of the motion of the tripping piece, but 
not the amount, that being constant at all times. Strictly speaking, 
the valves are not of the Corliss type, but consist of multiple-ported 
grid valves working on a flat face. This face is formed on a conical 
plug of special hard metal forced into suitable taper holes in the 
cylinder. The connection of the spindles with the valves is through 
the medium of a toggle joint, situated inside the valve chamber, a 
device which has the advantage of giving a rapid opening motion ; 
a good feature usually purchased at the expense of a wrist plate. 
Messrs. Daniel Adamson & Co., Dukinfield, are manufacturers of 
the Wheelock gear. 

Size of Tnpping^ Catches. — ^The following table gives the 
width of tripping edges of nibs or catches compiled from actual 
practice, and will perhaps prove useful in the design of new gear. 
As might be expected, the dimensions are somewhat erratic. The 
average pressure per square inch of catch surface, due to the pull of 
the dashpot spring at the moment of engagement^ runs out to some- 
thing like 340 lbs. as an average, which may be taken as a rough 
guide for speeds up to 85 per minute. The depth of catches varies 
from I to I inch. In some cases the nibs are undercut to the extent 
of ^ per inch of depth, to ensure them gripping without slip, but 
most firms consider this to be unnecessary. It is here mentioned 
because it may be a remedy for existing gears subject to this 



156 SINGLE EOOENTBIC GBAB8 WITH LABOB BANGS OF TBIP. 

trouble. Slipping generally arises from the bouncing of the 
eatches, and is usually met with when the piece carrying the 
dropping catch is heavy and does not fall on leather pads: — 
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The examples above given refer to engines without wrist-plates. 
With a well-designed wriste-plate gear a higher speed may be 
attained with the same size of catches, because of the reduced 
Telocity of nibs at the instant of engagement. 

Gen6Fal Remarks. — in designing Corliss gear the following 
conditions should be fulfilled as far as possible : — The overhang of 
all pins and levers should be as small as possible, and wherever 
possible levers should work on the bridles rather than on the valve 
spindles. Gravity should assist the catches to engage, and the 
governor trip-rods should not be in continual oscillation. To 
obtain good results with speeds of 120 revolutions and over wrist- 
plates should be employed, the catch pieces and the parts which 
fly with the dashpot piston should be as light as considerations of 
strength will allow, the keyways in the vfdve spindles should be 
large, and twisting stresses should be avoided as much as possible 
by employing jawed rod ends embracing the valve levers, instead 
of having overhung pins. 
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CHAPTER IX. 
DROP VALVES AND GEARS. 

OoNTBNTS.— OomiBh Valves— Valve Motion for CorniBh Valves— Form of Cams 
—Cornish Valves with Trip Motion— Bobey's Valve Gear— Marahairs 
Valve Qear— Sulzer Valve Gear— Borsig Valve Gear- Tosi Valve Gear— 
Kerchove Valve — Dashpot Springs. 

The Cornish or Double-Beat Valve has not been extensively 

adopted in this country, except by makers of large winding and 
pumping engines; but in a modified form it has for years been 
largely employed by Continental builders, by whom it has been 
brought to such perfection that it already compares favourably 
with the Corliss yalve gear. The future practice in steam engines 
promises to utilise the double-beat valve verj largely; for with the 
revival of superheating arises the want of a ^ve that has no 
rubbing action on its seat. A similar change took place in thp 
design ot gas engine valves some years ago. In the old engines 
the cycle of operations was controlled by slides, whereas modern 
engines have mushroom valves. 

Dealing first with the valve proper, the object of the designer 
should be to produce a valve that is as short and light as possible, and 
one that has the least possible lift. The common form of Cornish 
valve is shown by Fig. 143. The narrower the faces or beats the 
easier is the valve kept tight^ but if too narrow they soon become 
worn and require renewal The liffc necessary to give the full area, 
of the lower seat is (neglecting the wings of the vsdve) — 



(dTs)' 



where D and d are the diameters of the lower and upper seats 
respectively. The wings or ribs which are necessary to prevent 
distortion of the valve under the steam pressure diminish the area, 
consequently a little more lift is required than is given above, but. 
at the same time the area through the lower seat is considerably 
diminished by the ribs and the central boss, this should be taken 
into accoant from the first, and allowance made, otherwise it may 
be that the design may be fiir advanced before the insufficiency of 
the area is first discovered. 

A s width of har for lower seat 
B « 8 Uft + A. 
The area of the aonnlixs » half the area of lower seat. 

Unless ihe distance between the two faces be made as short ae- 
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possible, the valve may be leaky, owing to the difference between 
the expansion of the valve and the seat The upper seating plate 
should be well ribbed, or the steam pressure will deflect it, and 
leakage will ensue; and the valve and seat should be cast of metals 
having equal coefficients of expansion. With respect to the valve 
faces the following widths have been found to give satisfaction : — 

Valve 6 inches diameter inside largest seat, i inch width of seat. 

»> o »» II i» Ts II II 

i» i^ II II II ♦ II fi 

II ^^ II II II TH II II 

II *-^ II II II Tf II II 

The angle of the faces in each case was 45^, and the width given 
is measured horizontally, hence the actual width of the seat is 
s/JW^. It will be seen on inspecting the figure that the width 




of the faces controls the difference in the diameters of the npper 
and lower seats, and consequently the power required to lift the 
valve off the seat. Were the two diameters equal, the valve would 
be in equilibrium except for its own weight, and the anbalanoed 
area of the spindle, which might counterbalance each other; but 
unless the valve were under the control of a spring it would be 
leaky, and the presence of any grit on the faces would seriously 
impair its working. When the difference between the diameters 
of the two faces is, however, sufficient to give the widths above 
mentioned, sufficient unbalanced pressure is brought on the valve 
to keep it tight, and hammer away the small amount of foreign 
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matter that might, under the ordinary conditions of working, be 
deposited on the valve faces. 

In the next figure a more modern form of double-beat valve 
is illustrated. This is an improvement on the previous design, 
because for a given area the valve is lighter, and as an exhaust valve 
it offers less condensing surface to the steam in the cylinder. In all 
valve8*of this type it is important that both valve and seat should be 
of the same metal, so as to avoid difference between the expansion 
of the two parts, otherwise there will be a continual leakage of steam. 
Close-Drained cast iron of special toughness is the most suitable 
material for the valves and seats. For many years gun-metal was 
used; but with high pressure or superheated steam it is not satisfac- 
tory, because of its unequal expansion with the metal of the cylinder. 



Fig. 144. 




By combining two double-beat valves an extremely small lift 
for a given area is obtained, a point of some importance in large 
engines where trip gear is used. Such a valve is shown in the 
annexed figure. With this type the necessity of attention to equal 
expansion is emphasised, there being four faces liable to leakage ; 
and first-class workmanship is indispensable to satisfactory working. 

A common arrangement of Cornish valve motion is shown in 
outline in Fig. 146. The position of the cams depends upon the 
desired point of cut-off. The valves, of course, can have no lap, 
but by placing the steam cams so that they do not lift the valve 
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until the valve-rod is past its central position the same effect is 
produced as by a lap on a slide valve. If the levers and cams were 
set 80 that when the valve-rod was in the centre of its travel all 
the valves were just on the point of being lifted or released, the 
resultiDg distribution would be similar to that given by a slide 
valve having neither steam nor exhaust lap. 

In designing the cams it is important to see that the fifst point 
of contact is near the fulcrum of the cam. The advantage of this 

Fig, 146. 




is twofold. It throws less stress on the valve gear, because at the 
instant of contact the valve is not in equilibrium. In the second 
place the speed of the striking part of the cam is slow, and the 
action, therefore, quiet. When the valve has been lifted it is in 
equilibrium, and as the point of contact is continually receding 
from the fulcrum of the cam, the opening is rapid ; also, on dosing. 

Fig. i46. 




the valve is let down to its seat without a jar. This action will 
be better understood from Fig. 147, where the cam and lifting 
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lever are shown in two positions, the first in which the valve is on 
the point of being lifted from its seat, the second in which the 
valve has attained its extreme lift. 

The Cornish valve, when adapted to a tripping arrangement, 
forms a useful gear for large winding engines. The essential 
feature of this class of engine is that it must start rapidly and 
maintain its speed to the latest possible point in the wind. 
The gear about to be described accomplishes the desired action 
in a very effective manner. It was designed by the author 
in 1898 for a larse winding engine in the Lancashire coal- 
field. In Fig. 148 the valve-rod A and the rocking-rod B 
receive motion from the eccentrics through the medium of a 
reversing motion of the straight link type. Until the maxi- 
mum speed is attained the steam is carried on for nearly the 
whole length of the stroke, but when the maximum is reached 
the governor moves the small cams C into a position that brings 

Fig. 147. 





them in contact with the rising trip hook. The valve, spindle, 
stirrup, and hook are then left to fall to the closed position by 
reason of their weight, and the air cushion, which can be regulated 
by a small thumb screw, prevents the valve falling violently on its 
face. In oases where the valve is light and the pressure high, a 
spring would be necessary to close it promptly, because of the 
unbalanced area of the valve spindle and the friction of the stuffing 
box. The maximum speed being once attained, a verv small 
amount of steam is sufficient to maintain it, because the load 
becomes lighter every instant, owing to the diminishing weight 
of rope on the ascending cage and the increasing weight on the 
descending rope. Tripping, of course, must take place before the 
trip hook begins to descend — that is, somewhat before half-stroke 
— as in the single eccentric Corliss gear. The indicator diagram 
from a complete wind will illustrate the action clearly. 

From the figure it appears that after about five revolutions the 

11 
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speed at which tripping ocean is obtained. For several strokes the 
speed increases, as shown hj the early tripping, until, towards 
the end of the wind, a mere breath is admitted. The stop ralve is 
then closed, the brakes applied, and the engine rapidly brought to 
rest 




Pig. 160. 




Stesm 



EjrhsMJt 



Valve Action shown for Latest Cat-o£ 



The action of the trip may be clearly shown by means of a 
Zeuner diagram. In the ilgare the clearance between the lifting 
lever and the trip hook is drawn as a lap circle, and the lead being 
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fixed upon the angle of the eccentric is known. Draw the valve 
circle, and from the centre A, with a radius equal to the distance 
between the pallett of the catch and the cam, + clearance between 
lifting lever and trip hook, + overlap of tripping edges (D in Fig. 
] 48), describe an arc intersecting the valve circle.* A line drawn 
from A through the point of intersection will show the or&nk 
position when disengagement takes place. Should the arc fall 
without the valve circle no disengagement will take place, and 



f/g. f5h 




* This oonstruotion applies where the distance from the fnlcrum of the 
catoh to the point at which the cam strikes is equal to the distance from the 
fulcrum to the working edge of the catoh. Should these be uneaual the radius 
of the arc will be increased or diminished pronortionally. In Fiff. 148, should 
the distance E exceed the distance F, the raaius of the arc will be grei 



the difference of these distances referred to the distance D. 
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Bteam will be carried on until cut-off occurs by virtue of the clear- 
ance of the catches. 

In non-reversing engines the gear for a double-beat valve motion 
is more conveniently arranged. A horizontal shaft driven by bevel 
or skew gear is carried parallel to the centre line of the engine. 
On this shaft the eccentrics are placed at convenient positions. 
The best known English example of this type of gear is that 
made by Messrs. Robey & Co., Lincoln. The arrangement will be 

Fig. 162. 




followed from the accompanying figures. The method of governing 
and tripping is similar to that of an ordinary Corliss gear, and the 
range of tripping depends upon the clearance of the catches and 
their lap, just as in the Corliss gear the range depends on the 
ratio of the lap of the valve to its travel. The steam eccentrics are 
placed at an angle of 180* to each other — that is, opposite. The 
exhaust valves, it will be noticed, consist of gridiron slides at the 
bottom of the cylinder. The advantages of this arrangement are 
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the excellent natural drainage of the cylinder and the short travel 
of the slides. As in the case of the steam vaWes, the exhaust 
eccentrics are set opposite to each other. Returning to the detail 
of the trip motion (Fig. 152) the end of the eccentric-rod A is 



Fig. i68. 












GCT 




carried by the snchor levers B, the fulcra of which are carried 
by the valve bonnet. As previously stated, the point at which 
tripping takes place depends on the depth of the engagement 
of the catches, which depth can be adjusted in two ways — ^per- 
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manently by altering the set screw on the catch lever, and 
temporarily by the action of the goyemor on the lever P, thus 
altering the position of the lifting lever. The set screw adj ustment 
is resorted to when any permanent change in the load is made, or 
when a permanent increase or decrease of speed is desired ; whilst 
the governor adjusts the cut-off so that the desired speed is 
uniform. 

On setting out the movements of this gear it will be. found that 
a very small movement of the lifting lever will produce a wide 
variation in the point of cut-off. This means that the mechanical 
purchase between the balls of the governor and the lever (Fig. 
152) is considerable, consequently the plucking action on the 
governor is very slight. The lifting lever is forked where it 
engages with the valve spindle, and the movable fulcrum is 
carried in hardened slides, thus permitting the necessary hori- 
zontal movement. 

As arranged on the old winding engines, the Cornish valve gave 
exceptionally large clearances, and carried with it other features 
antagonistic to economical working. The usual arrangement of 
the valves with respect to the cylinder was a valve at each comer 
of the cylinder, the two steam valves being on one side and the 
two exhaust valves on the other ; or alternatively all the valves 
were placed on one side, a single port into the cylinder at each end 
serving for both steam and exhaust With either arrangement 
the clearance is necessarily large. In the first arrangement there 
are two ports plus the space round each valve forming clearance ; 
whilst in the second design, although there is only one port, there 
is a large space between the two vidves, making the total clearance 
as great as in the first case. A further inherent defect of the 
older form of valve is that there is a considerable condensing 
surface offered by the exhaust valves. In non-compound engines 
one side of each exhaust valve is exposed to the atmosphere ; and 
as the valves were usually made of gun-metal as thin as circum- 
stances would allow, it will be seen that the exhaust valves must 
have had a considerable condensing effect during the admission 
and expansion periods. The final objection to the arrangement is 
that it does not provide a natural drainage to the cylinder, but 
leaves pockets in various places where water can accumulate. It 
was a great improvement when the valves were placed at the top 
and bottom of the cylinders; for in this case the clearance is 
reduced, and an excellent cylinder drainage is obtained without 
pockets either in the cylinder or valve boxes. 

Marshall's Valve Gear.— The gear made by Messrs. Marbhall, 
Sons <b Co., Ltd., Gainsborough, is shown by Fig. 154. It consists 
of two equilibrium admission valves A which are alternately lifted 
by the trip levers B. The outer ends of these valves are depressed 
by means of the catch levera C which are carried by the links 
D. These links are worked by eccentrics E placed diametrically 
opposite to each other on the valve shaft. The ends F of the 
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levers C are thus brought into contact each revolution of the 
engine with trip pads G. These pads are under the control of 
the governor, and their position determines the period of release. 
L is the closing spring, and the seating of the valves is regulated 
by the buffer K. 

The method of carrying the trip pads O is worth close attention. 
These are not simple levers having the shaft J as a fulcrum, but 
they are supported at the end by a swivelling stud fixed in the 
steam-valve hood. The object of this arrangement is to avoid dis- 
turbance of the governor when tripping takes place, for the reaction 
of F on G is for the most part sustained by the stud at the end of 
G, only a very small portion of the force being transmitted to the 
governor. 

The exhaust gear is clearly shown by the illustration, and it 
will be observed that variable leverage is obtained by means of 
curved levers O and Q, and closing of the valves is effected by 
springs S. 

A feature common to all types of drop valve gears is that the 
valves are not in positive connection with the eccentric or cam that 
drives them, but are closed by the force of a spring or gravity. 
This is essential to the proper seating of the valves, and to avoid 
the possibility of the gear jamming, for since the position at which 
the valve is seated is one of mathematical exactitude, the slightest 
error due to expansion, stretch of the levers, or incorrect adjust- 
ment would seriously affect the working of the valves. 

The well-known Sulzer gear is one of the most interesting 
examples of drop valve gear, the latest type having several features 
of great interest. The folding plate illustrates the valve gear on 
the high-pressure cylinder of the engine exhibited at Paris in 1901. 
At first sight the gear appears to be unreasonably complicated, but 
a careful inspection of the figure will show that every part con- 
tributes to the efficiency of the gear, and nothing that is wanted 
in a high-class gear has been forgotten. A general idea of the 
action will be formed from the plate, but a thorough knowledge 
of the various movements can only be obtained by drawing down 
the centre lines and tracing their movements through a complete 
revolution. Oommencing at the lay shaft A, the eccentric-rod B 
imparts motion to the bell-crank lever 0, one of whose arms 
actuates the exhaust gear, whilst the vertical arm controls the 
opening of the steam valve. The connection between this arm and 
the valve-rod D is not of a positive character, however, but arises 
through the medium of catches £. The fulcrum of the curved lever 
F G is at P, and as long as the catches are in gear the revolution 
of the valve shaft in the direction of the arrow will, until the 
eccentric-rod begins to return, drag down the valve-rod D and lift 
the st^am valve. The fulcrum P also serves as an anchor for 
the catch lever. This lever likewise receives its motion from the 
eccentric, and the rod Q connected thereto receives a positive and 
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oonstant amount, but the position of the motion is altered by the 
governor operating upon the horizontal shaft H. This portion of 
the gear resembles the Frikart gear in its action. In the drawing 
the normal position of the governor lever is shown. As the lever 
J moves nearer the vertical centre line the release of the catches 
will be delayed. On the other hand, movemeat in the opposite 
direction will accelerate release. 

The chief point of interest in this gear, however, lies in the 
rolling valve levers and adjustable palletts. Referring to the 
steam rolling lever K, and assuming it to be in its highest posi- 
tion, the first point of contact is close to the end of the lever, 
which means that the gear has a great leverage over the valves 
just at the moment the stress comes upon the motion. As soon aa 
the valve is off its seat it is practically in equilibrium, and the 
rolling lever is then continually decreasing its purchase, thus 
imparting rapid opening to the valve at the time the piston is 
travelling at high speed. As to the pallett, it is centred on the 
pin M, and is adjustable by means of nuts on a thread. The action 
of the main dashpot will be readily followed, but the supplemeotaiy 
cushion spring is a refinement which Messrs. Sulzer find necessary 
to give a proper closure to the valve, and its action is peculiar. 
In the drawing the steam valve is shown full open, but it will be 
understood that this is not its correct position in relation to the 
position of the rest of the gear, but it is so drawn in order to show 
the extremely short lift of valve. The break in the valve stem 
indicates that the valve and gear are not drawn in their true 
positions relative to one another. Heturning to the cushion dash* 
pot, it will be observed that when the catches are released the main 
spring descends with the valve, at the same time lifting the valve 
rod D, the curved lever, and the cushion dashpot piston. There is 
no cushioning action on the main sprine, but as the cushion piston 
approaches the end of the cylinder a break is brought upon the 
main spring, and as this acts at a purchase it is possible to obtain 
an exceedingly delicate adjustment Had only the main spring 
been cushioned some means would have had to be provided for 
limiting the motion of the rolling lever and the rods in connection 
with it, otherwise the descent of the main spring would jerk them 
badly, hence the break cylinders become vital parts of the gear. 
It is, of course, highly important that the regulation of the closure 
of the valves should be entirely under control ; any hammer on the 
faces would soon destroy them. 

In the exhaust gear the rolling lever and pallett are employed, 
and the valve is opened against the resistance of a spring, but there 
is no release gear or cushioning. The valve is shown full open, 
but that is not its correct position with reference to the rest of the 
gear. 

The plate is well worth close inspection. The very complete 
arrangements for lubrication are specially interesting, as wcdl as 
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the precautions against waste oil running upon the foundations. 
The lagging question has also been thoroughly thought out, and 
accounts in a large measure for the splendid appearance of the 
Sulzer engines. Another point which is worth notice is the absence 
of over-hung pins. Ail levers are jawed where they embrace the 
rod-endsy or else the rod-ends are jawed and embrace the leyers. 
This renders the manufacture of the moving parts costly, but 

Fig. 166 




Messrs. Sulzer ignore expense where efficiency of the gear is 
concerned. 

Borslg Goar* — Another example of Continental gears is repre- 
sented by the Borsig gear shown in Fig. 156. It is made under 
OoUmann's patent. The steam eccentric A lifts the valve spindle 
through the medium of a catch lever, the toe end of which comet in 
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contact with the gOYernor trip finger B. As the end of this finger 
moYes to the left cut-off becomes earlier. The catches engage when 
the eccentric-rod is near the beginniDg of its downward moYement^ 
and the striking Yelocitj is therefore low. The Yalves are of the 
usual double-beat type, the steam being fitted with neutralising 
springs and oil cushion dashpots. 

The exhaust gear consists of an intermediate leYer carrying a 
roller which runs upon the inclined and curYed face of the YalYe 
lifting leYer. 

The Tosi Trip Gear.— The trip gear made by Messrs. Tosi, 
Legnano, Italy, is well designed and possesses some interesting 
features. Referring to the accompanying figure (157), the sector A 
swings between the jaws of the eccentric-rod, on the pin B, and 
moYes bodily by reason of its connection to the eccentric. Assum- 
ing the eccentric-rod to be in the top position its descent will bring 
the sector in contact with the YalYe leYer D, which lifts the YalYe ; 
but whilst this action is taking place the sector will turn on the 
pin B, because the point E is held by the trip-rod F. At a certain 
point of the sector's descent it will slip off the steel pad on the 
leYer D. When released the YalYe lever flies to its closed position, 
and the sector continues its descent, and on the return upward 
movement the point of the sector describes a peculiar path, due to 
the influence of the exhaust valve cam, which path is indicated in 
the drawing. When in its lowest position the sector retraces a 
portion of its downward path, because the roller G is for a short 
time rolling on the inactive part of the cam, but after the sector has 
risen a small fraction of its movement the point makes a diagonal 
movement to the left, due to the influence of the raised part of the 
exhaust cam, and then traces a path approximately parallel to its 
downward course. As its top position is approached a deflection to 
the right is made by reason of the slope from the raised to the dead 
portion of the exhaust cam. This deflection allows the sector to 
get around and above the valve lever ready for another engage- 
ment. The governor acts on the sector by varying the position of 
the floating fulcrum H, to which the trip-rod F is connected. The 
drawing shows adjustment for latest trip which occurs at about 70 '] 

per cent, of the stroke. As the governor rises from this position 
the lap of the sector on the pad at the moment of engagement is 
diminished, and tripping is earlier. The function of the spring K 
and the roller J is to prevent jerking of the lever D as the valYe 
closes, and to keep this lever at all times pressed against the valve 
spindle sleeve, the necessary clearance between the eccentric and 
the valve being provided at the point of the sector. L is the dash- 
pot piston which is pressed down by a spiral spring (not shown), 
and cushioning is effected by a small valve at the bottom of the 
dashpot chamber. 

The exhaust gear is very simple. The spring box M keeps the 
roller against the cam at all times, a small clearance being given 
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between the exhaust valye lever and the lifting piece on the valve 
iipindle with which it engages. The exhaust valve is closed by a 




spring, but there is no coshioning action, the easy curves ol th©- 
exhaust cam rendering this unnecessary. 



174 



DROP VALVES AND GEARS. 



KerchOTe Valve Gear. — The drop valves shown in Fig. 158 
are of the piston type, and are illustrated in position relative 
to the cylinder of a Kerchove engine. It will he noted that; 
they are of the piston type, and are placed in the covers, thereby 
rendering the clearance very small. This type of valve is in 
perfect equilibrium save for its own weight and the unbalanced 
area of the spindle ; and as it does not fall upon its seat, but has a 
sliding action in closing, the dash pot forms the limit for its fall, 
and the regulation of the buffer is, therefore, not of such supreme 
importance as in the case of a drop valve of the double-beat type. 
The drainage of the cylinder is seen to be effective ; but the posi- 
tions of the valves render the inspection of the cylinder or piston 

Fig. 168. 
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a tedious matter, since the gear must be dismantled before the 
covers are removed. As to the valve gear proper, it may be of any 
of the types of trip gear herein illustrated in connection with drop 
valves, so far as the steam admission and release are concerned. 
The exhaust gear, however, may be positively connected to the 
exhaust valves, and springs are, therefore, unnecessary ; the valves 
having a dwelling or idle motion similar to the exhaust valves of 
a Corliss engine. 

Dashpot SpringfS. — Examples of dashpots will be found by 
referring to several of the figures in this chapter. The springs 
jtre mostly made of round steel. They should be of good length. 
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with a short pitch of coil. Many English designs are faulty in 
this respect, and compare unfavourably with the long springs 
provided by the best Oontinental makers. In addition to the 
durability of a long spring, there is a more uniform closing pres- 
sure obtained, and the governor effort to disengage the catches is 
practically constant throughout the stroke. In some enffines there 
is a liability to pluck the governor at heavy loads, because of 
the short dashpot springs giving excessive pressure on the catches 
as the valve rises to its top position. 

The length should not oe less than eight times the full lift of 
the valve, and is better if made 50 per cent, longer, the length 
being taken when the spring is in position in the buffer cylinder 
and the valve closed. With regard to strength, it is not surprising 
to find that modern practice shows little uniformity ; for, after sll, 
the question of strength is largely a matter of opinion. If the 
valves could be regarded simply as weights falling freely on their 
face, it would be possible to calculate the time occupied in falling 
from their highest position under the influence of a spring of given 
strenffth. The problem, however, is hopelessly complicated by the 
retarding effect of the cushion, the friction of the stuffing box and 
dashpot piston, and the steam current sweeping past the valve. 
Fortunately, however, the effect of these incalculable factors 
can be met by a simple adjusting screw on the spring, and a 
variable throttle on the dashpot. An examination of some of the 
engines of British makers shows that an average pressure given 
by the spring when the valve is down is 6 lbs. per inch of the 
diameter of the valve measured on the outside of the largest seat, 
plus the amount of opening force (which is measured by the area 
of the valve stem and the steam pressure) minus the falling weight 
of valve, spindle, and dashpot An adjustment giving 20 per cent 
variation on either side of this strength can easily be provided by 
an adjusting screw on the spring, whilst the throttle can be 
arranged to prevent the valves falling on their seats or allowing 
them to fall practically free. In the steam valves the current 
assists the valve to seat ; but, on the other hand, the spindle gives 
an unbalanced upward pressure against the spring pressure. In 
the exhaust valves the spindle area assists the closing of the valves 
in high-pressure cylinders, and is against dosing in condensing 
cylinders.* 

* See the author's article in The Engineer, May 26, 190S. 
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CHAPTER X. 
MISCELLANEOUS GEARS. 

CoNTiNTS.— Beadle'8 Rotary Valve Gear-Duplex Pump Valve Gear—Blake 
Valve Gear— Steam Beveraer Valve Geieur. 

Beadle's Rotary Valve Gear.— The requirements of an ideal 
valve gear are perfect equilibrium, unlimited speed, and small 
clearances. The rotary valve gear made by Mr. C. Hyde Beadle 
realises to a considerable extent these requirements, and is also 
very compact. It is most conveniently made with two cylinders, 
either compound or otherwise, with pistons half a stroke apart, or 
any other desired position. It will be convenient to illustrate and 
describe the << helicrank " engine, because it embodies some features 
which render it of particular value for marine purposes, the cylin- 
ders being in axial alignment with the tail shaft. 

Keferring to the accompanying figures, four views of the heli- 
crank engine are shown — a vertical section through the valve box, 
a sectional plan through the plane of the piston-rods, and two 
end elevations of the engine with the valve-chest covers removed. 
The ends of the piston-rods A are provided with adjustable rollers 
B, which roll upon the helix C, thereby imparting a rotary motion 
to the main shafb, and also to the valve spindle D. The valves 
consist of two revolving discs with prolonged stems, and suitable 
slots and cavities to effect the proper distribution. The valves are 
mounted on the spindle by means of feather keys, whereby thej 
always rotate with the spindle, but, at the same time, are free end- 
ways. The faces of the stems are accurately faced, and form the 
stop which prevents the valves from being forced against their 
faces. The force tending to press one valve to its face is exactly 
balanced by the force on the back of the other, and consequently 
the valves float, rather than rub, upon their face. The steam enters 
at F, from thence it circulates round the cylinders to the valve 
chests. The extremely short and direct ports on the cylinder will 
be noted, and also the absence of external pipes or passages. The 
exhaust passes round the prolonged stems of the valves, and 
escapes through G. 

The reversal of the rotary valve engines is a very simple matter. 
One method is that shown in the figure. The valve spindle fits 
into the helix as shown, and is driven by the peg H. The reversing 
gear is shown in the mid position, and the action of the valves is 
such that no rotation would be given to the main shaft, but when 
the reversing handle is but moved into any other position the effect 
is to impart axial motion to the valves through the inclined slot in 
the helicrank. The effect of notching up is almost identical with 
that of notching up a link motion, only the action is more harmonia 
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As showing the easy running of these valves, it may be mentioned 
that after running six months the valves of one of these engines 
still exhibited the minute original scratches made by the scraping 
tool. In ordinary crank engines the valve spindles are driven by 






mitre or skew gear from the crank shaft in a similar manner to the 
shaft of a gas engine. Any desired sequence or angle of crank is 
accommodated by a suitable disposition of the ports leading to the 
cylinders and the design of the valves themselves. 

12 
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With crank at right angles, or with a helicrank engine with one 
piston half a atroke in advance of th^ other, lines joining the 
centres of the cylinders form a right-angled triangle, and one slot 
in the valve thus distributes the steam to both cylinders, and one 
recess controls the exhaust. 

Duplex Pump Valve Gear. — Fig. 161 shows a section throngh 
one of the steam cylinders of a duplex pump. The general arrange- 
ment of this type of pump is well known. There are two distinct 
and independent cylinders placed opposite and in axial alignment 
with two pumps, and the piston-rod of each cylinder is coupled 
directly to the pump-rod. The valve gear of one cylinder is 
operated from the crosshead of the other. There are two ports 
in each end of the cylinder, of which the outer ports B are pro- 
vided for the entering steam, and the inner ports A for the exhaust. 
When in central position the valve exactly covers the two ports as 
shown in the illustration. The travel of the valve should not be 
less than twice the width of one port, and it is often convenient to 
make it greater. The peculiarity in. the connection of the spindle 
to the valve will be noticed. The nuts are adjusted so that there 
is an amount of lost motion between the spindle and the valve, 
and in arranging the valve levers this must be taken into aooountb 
It is impossible, however, to pre- 
determine the exact amount of 
this lost motion, hence it is the 
usual practice to provide for ad- 
justment by an extension of the 
screwed part of the spindle. 
Usually the total amount of lost 
motion varies from ^ inch for 
pumps with steam cylinders of 
\ inches diameter to ^ inch in 
cylinders 24 inches diameter and 
upwards. The effect of having 
too much lost motion is to give 
a long stroke to the piston, and 
since there is no mechanical limit 
to the stroke except that pro- 
vided by the cylinder covers, the 
piston may strike. Too little lost 
motion gives short strokes, which 
diminishes the delivery of the 
plungers. As the piston ap- 
proaches the end of the stroke the 
inner port is blocked up, and the 
steam remaining in the cylinder 
at the front of the advancing piston 
forms a cushion, which brings it 
gently to rest. Sometimes cushion valves £E are provided, by 
adjusting which the motion of the piston may be further controlled. 
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Prom the foregoing it will be understood that the arrangement of 
the cylinder end must differ from an ordinary cylinder. In the 
first place, the bell-mouth must not extend past the inner edge of 
the steam port, otherwise cushioning cannot be efficient, because 
there would be leakage through to the exhaust port. The ports 
should also be arranged as shown in the figure, and not recessed 
into the cover as is common practice in ordinary cylinders, other- 
wise it will be difficult to obtain proper cushioning, because the 
piston would strike the covers almost immediately after the inner 
port was blocked by the piston, and until the port has been covered 
cushioning cannot begin. 

Fig. 161. 




Passing on to the design of the valve levers, each valve has to 
effect the same travel. The crossHshafts are usually arranged above 
each other, and, therefore, the lengths of the short levers vary 
according to the lengths of the long levers, the movement of 
each extremity being equal to that of the other, and consequently 
the proportion or ratio between the valve lever and crosshead 
lever must be the same in each case. Another point to observe 
is that the length of the shortest valve lever is sufficient to allow 
of the connecting link to the valve spindle clearing the cross shaft. 
Referring to the diagram (Fig. 160), the stroke of the crosshead is 
from F to D, and is a known quantity. The travel of the valve 
spindle BG can also be ascertained. The minimum distance A 
is fixed by the detail of the connecting link and the size of the 
cross shaft. From B or G draw a line through E cutting the 
verticals indicating the length of the stroke. The point of inter- 
section indicates the position on the crosshead where the con> 
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nection to the erosshead lever must be made, and also the length 
of the lever. Shonld the position be inconveniently high, a lower 
point may be selected and the distance A left to find itself. A 
higher point must not be chosen if A has already been made a 
minimum. Having determined the proportions of one erosshead 




and valve lever, draw lines from F or D through B or G, and tho 
point where they intersect the vertical line is the proper centre of 
the cross shaft. F H or D H is the length of the erosshead lever, 
and B H or G H the length of the valve lever, and the two valy» 
travels are the sama 
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Sometimes the lost motion ad^astment is outside the steam chesty 
especially in the case of large sizes. This enables the working of 
the pamps to be adjusted under steam. 

Blake Valve Gear for Single-cylinder Direet-aeting 

Pumps* — For a single-cylinder direct-acting pomp a type of 
Talve gear is required that receives a portion of its motion 
directly from the steam pressure; otherwise the pump would be 
liable to stick at the ehd oi the stroke, since its inertia at low speeds 
would be insufficient to overcome the resistance towards the end of 
the stroke when it is necessary to alter the position of the valve to 
effect the return stroke. The Blake valve motion is a well-known 
example of this type of valve gear, and its action and details are 
illustrated in Fig. 162. 

The valve spindle A is actuated by the tappet B striking the 
adjustable collars 0. These collars are set so that contact is made 
towards the end of the piston stroke, and to give the valve D 
sufficient travel to place the steam ports alternately in communi- 
cation with the e^aust port. The supplementary valve E is 
driven by the pistons F, and is thrown alternately to its extreme 
positions by the admission of live steam at the outer faces of the 
pistons ; this action being regulated by the valve D in the follow- 
ing manner : — Referring to the plan view, it will be observed that 
the valve D has two projections T, which, when D is in its central 
position, cover the two small circular portt G. When D is moved 
to the right by the tappet it opens the right-h^ind port, thus 
throwing steam upon the back of the riffht-hand piston, whereby 
the supplementary valve £ is moved to the left^ thereby admitting 
steam to the port H. Whilst this action is taking place the 
exhaust projection J on the other side of the valve D has closed 
the exhaust port K to the exhaust passage L, and at the same time 
placed the steam at the back of the left-hand piston in communica- 
tion with the passage L. It will thus be seen that a continuous 
action is obtained. At starting, should the valve £ happen to be 
central on the valve D, it is only necessary to move the valve-rod 
a littie in order to throw the valve on one side and uncover 
either of the steam ports in D. This is easily done with a small 
bar. 

Steam Reverser Valve Gear.— The valve gear of steam 

reversing engines is usually of the hunting type shown by Fig. 
163. This slide valve has very little lap, usually about -^ inch. 
The lever A swings on a floating fulcrum B, the position of which 
is adjusted by the hand reversing lever 0. The upper end of A is 
connected, on the one hand, with the valve of the steam cylinder, 
and, on the other hand, to a valve regulating the fluid passage firom 
each end of the cataract cylinder. The lever D is keyed on the 
reversing shaft and is actuated by the piston-rod of the reversing 
engine. In order to trace the action of this gear, imagine the 
piston at one end of the stroke and the reversing handle also 
pushed over into extreme position. Now suppose the reversing 



182 



mSCBLLAKEOUS GEARS. 



handle moved over into the opposite extreme position. This 
action will nncover the steam port and the piston will advance 
to the other end of the cylinder, but this action will move the 
valve back to its original position and at the same time close the 
communication between the ends of the cataract cylinder. When 
the reversing handle is moved into any intermediate position the 
same action occurs ; the valve being opened by the hand lever but 
closed by the motion of the piston-rod. The reversing shaft is 
thus in sympathy with the hand lever, whilst the cataract cylinder 
holds the gear rigidly in the desired position. After each move- 
. ment the valve returns to a central position on the steam port, and 

Fig. 163, 




the cataract valve is closed. It will now be evident that 'the less 
the lap on the valve the more readily will the reversing engine 
respond to the action of the reversing handle. The gear is very 
easy to set out, the proportions of the lever A being the important 
part of the mechanism. Let the stroke of the piston be S inches 
and the travel of the valve>rod T inches, the long and the short 
arms of the floating lever must bear the same proportion as S to T. 
The cataract cylinders of reversers are sometimes charged with oil 
and sometimes with soapy water. The cataract valve must be 
accurately fitted and the lap very small, in no case exceeding 
^ inch, otherwise there will not be resbdy sympathy with the 
reversing handle. 
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GAS ENGINE VALVES AND GEARS. 

CovTJEim.— -Mushroom Valyes— Area of Valve Openings— Size of Meter- 
Beau de Roohas Cycle— Design of Cams— Relative Positions of Cams 
— Ignition Valve— Actual Position of Cams— Spiral Cams— Eccentric 
Exhaust Gear- Valve Diagram— Water-cooled Valves— Variations in 
Cycles — Governing— Modern Developments — Water Injection — Inde- 
pendent Compression — Westinghouse Engine— Tangye Engine— Nurem- 
oerg Engine— Kderting Engine — Oechelhftuser Engine. 

Mushroom Valves. — The valves of gas engines are, for the most 
part, mushroom valves, and in large sizes they are sometimes made 
double-seated in order to ease the opening. The material is usually 
mild steel, with the spindles forged solid. A good radius at the 
root of the valve spindle where it joins the disc is advisable for 
reasons of strength, ease of manufacture, and to avoid eddies in the 
flowing gases. Unlike the valves of most steam engines, each 
valve has only one function to perform, and the pressure is always 
on one side. The exhaust and timing valves are actuated under 
pressure, but the air inlet and gas valves are only opened when the 
pressure in the cylinder is at or near that of the atmosphere. The 
simple functions of gas engine valves render the design of the 
valves themselves easy, at least for moderate sizes. The usual 
angle for the seat is 45*, and the width of contact need not exceed 
A> of an inch for valves up to 2 inches diameter, ^ inch up to 4 
inches diameter, and ^ inch and over for valves above this size, 
increasing in width so that the maximum bearing pressure on the 
seat in no case exceeds 5,000 lbs. per square inch or thereabouts. 
These widths may, at first sight, appear too small, but in the gas 
engine all valves are seated before explosion takes place, and, if 
the gear is properly designed, they seat themselves verj gentlj 
without any approach to a hammering action. In the case of a 
valve 6 inches in diameter with a seat ^ inch wide, inclined at 
45^ and exposed to an explosion pressure of 400 lbs. per square 
inch, the bearing pressure on the seat is about 5,000 lbs. per square 
inch, which both a mild steel valve and oast-iron seat are well able 
to withstand without distress. With narrow seats the valves are 
ground tight without great labour, and they are not so liable to 
be prevented from dosing by foreign substances, such as specks of 
earbon, getting on the faces. 
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Mushroom YalYes are said to be fully open when the lift is 
one-fourth the diameter, but actuallj the full opening of a YalYe 
like that shown in Fig. 164, is obtained with slightly less lift; 
because the spindle obstructs the opening below the YalYe when it 
is open, and there is no adYantage in having the area round the 
circumference greater than that beneath the YalYe, because the 
cams may be designed to give, when once the valve is raised, the 
full lift before the piston has attained its maximum velocity, 

which is not always the case in a 
Fig, 164. steam engine where the Yalves are 

driven by eccentrics. 

Area of Valve Openings. — 

Following on the lines usually adopted 
when dealing with the valve gear of 
steam engines the sizes of the valves 
and area of passages are first to be 
considered. In determining the area 
of the air-inlet pipe and passages, a 
calculated mean velocity of 90 feet 
per second may be allowed for, due 
to the piston's displacement. There- 
fore if 

A = area of cylinder. 
P = mean piston speed in feet per 
minute. 

The area of the air-inlet pipe and 
passages 

A X P 




"60 X 90' 



This velocity is low; but after engines 
have been working for some time a 
deposit forms upon the surface of the 
passage between the valve and the 
cylinder which contracts the area. In 
those engines in which the inlet valve opens directly into the 
cylinder (vertical engines are commonly so arranged) the above 
remark will not, of course, apply.' The area of the opening due 
to the lift of the valve itself may be somewhat less, because it is 
not subject to diminution from deposit, and because the length of 
the contracted part is very small, consequently a mean velocity 
of 100 feet per second may be allowed, calculated on the maxi- 
mum lift of the valve. 

Size of Meter. — The size of meter required — that is, the number 
of 16-candle power lights a meter will supply, and which number 
is usually marked thereon — may be found as follows: — Brake horse- 
power X 3*4 -H 5. 

Since the rule does not take into account the gas consumption 
per brake horsepower it is only approximate, and latitude in 
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either direction is admissible. The size of the meter may also 
be found by assuming a probable gas consumption and allowing 
6 cubic feet per size of meter. 

Diameter of gas-supply pipes in inches « brake horse-power 
X "027 + '75, or size of meter in number of lights x *008 + '75. 

With producer and suction gas these rules do not apply, the 
proportion of gas to air being then much greater than with 
illuminating gas. In such cases an area of from three to four 
times that given by aboye rules may be allowed. 

The exhaust passages may be calculated on a mean velocity of 
80 feet per second and a mean velocity of 95 feet per second past 
the valve face, calculated on the maximum lift and the piston's 
displacement. 

Beau de Rochas Cycle. — ^The functions of the valves for the 
Beau de Rochas cycle, which embraces four piston strokes, are as 
shown in Fig. 165. The diagram is to a great extent self-explauA- 
tory, and a study thereof will render the action clearer than much 
description. The radial lines give the cank positions corresponding 
to each valve function, and the distance from the crank pin line of 
the lines describing the valve functions shows the lift of the valves 
to which they refer at any position of the crank. 

A few words as to the considerations which determine the 
periods of the valve actions will be necessary before dealing with 
the design of the cams to effect such action. Referring to the 
diagram, the air valve is shown opening exactly at the end of the 
exhaust stroke. Some engineers advocate opening slightly earlier, 
but the advantage is questionable, as it allows a portion of the 
spent gases which may remain in the cylinder from the succeeding 
explosion to blow into the air passages. This will again be drawn 
into the cylinder on the next stroke. A cleaner charge is there- 
fore obtained by opening exactly at dead point. The idea of lead 
on the air valve is to give a good opening early on the stroke, but 
this can be obtained quite effectually by a properly designed cam. 
The gas valve closes shortly before Uie end of the first or suction 
stroke, but the air valve continues open some five degrees after 
the crank has commenced the second or compression stroka This 
timing sweeps the inlet passages clear of gas, and gives a denser 
volume of charge taken in, for t)ie gases wiU continue to flow into 
the cylinder a little after the piston commences the compression, 
by reason of the momentum acquired during the intake stroke. 
The compression of the mixture is efiected on the second stroke, 
when all valves are closed. In starting, however, this compression 
is a great inconvenience, hence most gas engines above 3 horse- 
power are usually provided with an extra ridge on the exhaust 
cam, which holds the exhaust valve open whilst a portion of the 
compression stroke has been performed. The action is shown on 
the diagram. The usual plan of carrying this action into effect is 
to have the cam so that either edge or ridge of the cam can be 
moved by hand opposite the exhaust lever roller. At starting 
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the roller runs on the compression easing part of the cam, and as 
soon as the engine is fairly going the cam is moved along the shaft 
so that the roller runs on the ordinary working part. The 
approximate point for the opening of the timing valve is indicated 
(u timing valve there be), or in the case of electric ignition, the 
instant at which the spark should be produced. The exact instant 
is found by experiment, but as the timing of the valve is easily 
adjusted it is sufficient to know approximately at what period the 
event occurs, and the diagram shows the average setting. At 
starting, such a setting would be liable to cause premature firing, 
and start the engine in the wrong direction, an occurrence which 
is dangerous to the attendant To obviate tliis an additional edge 
is provided on which the timing valve roller runs when the com- 
pression easing portion of the exhaust cam is in operation. These 
cams — namely, the timing and exhaust — are usually formed on one 
boss so that one movement by the hand changes the conditions of 
working of both. The exhaust valve opens before the end of the 
power stroke and closes at the end of the fourth stroke; the 
timing valve usually closes shortly after the exhaust valve has 
opened. With the Beau de Rochas cycle the valves are only 
opened once for two revolutions of the crank shaft, therefore 
cams having one projection on the circumference must revolve at 
half the speed of the crank shaft 

The setting of the valves and their position to each other have 
some relation. It is the practice of some makers of gas engines to 
delay the exhaust closure later than the opening of the air and gas 
valves, wiih the idea of getting a purer charge than would result 
from closing the exhaust valve exactly at dead centre; but in 
engines with this setting the inlet valve is not placed directly 
opposite the exhaust valve. For instance, in some Crossley engines 
the exhaust does not close until the crank has gone about 20* on 
the suction stroke, whilst the air and gas valves open before the 
beginning of the suction stroke. It is evident that with such a 
setting there would be risk of considerable waste of charge if inlet 
and exhaust valves were directly opposite, and the charge could 
blow straight from inlet to exhaust. In Orossley engines, there- 
fore, the inlet valve is placed at the side of the compression 
chamber, whilst the exhaust valve is at the bottom. 

Desigfn of Cams. — The considerations which determine the 
shape of the cams are the moving period of the valve and a 
noiseless action, together with as rapid an opening as is consistent 
with easy working. Referring to the adjacent diagram, the outline 
shown in full lines gives a practically instantaneous opening to the 
full extent, and an equally rapid closing motion. Such a form, 
however, is mechanically impossible The other extreme is shown 
by dotted lines, and is described by tangents drawn to the dead or 
concentric portion of the cam and the roller circles intersecting at 
a point A. A practical form of cam is to be sought in the space 
enclosed by these two extremes. There is another consideration 
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Fig. 167. 
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which influences the outline of the cams, the clearance between the 
▼alve stem and the lifting lever when the roller is running on the 
dead portion of the cam. This clearance is necessary to enable 
the vaJve to seat properly. It depends on the design of the roller 
lever whether the clearance is between the roller or the dead part 
of the cam, or between the lever and the valve stem, but the result 
on the design of the cam is identical. The cam shown in Fig. 166 
would give an open period to the valve extending over an angle 
of 180* of crank movement^ and with the form 
shown in full lines the clearance would not ^'fl'* '^^• 

materially affect the timing, but with the form 
shown bv dotted lines the open period would 
be considerably reduced. Let the clearance be 
represented by the distance C. From centre E 
describe the arc F O, and draw the roller circle 
tangent to F G and the dotted outline of the cam. 
In the case of the dotted cam, the effect of the 
clearance would be to delay the opening of the 
valve by the angle H E J and the closing would 
be accelerated by a like amount, and the duforence 
in timing referred to the crank path would be 
twice this angle at opening and closing. The 
effect of this clearance would be eliminated by 
slightly increasing the angle embraced by the 
raised portion of the cam, 
or by a gradual slope from 
the dead portion to the 
active part Referring to 
Fig. 1 67 in which the clear- 
ance has been exaggerated 
for the sake of clearness, 
the full lines show a form 
of cam modified to com- 
pensate for a clearance 
equal to and the dotted 
lines show the same re- 
sult obtained by increasing 
the sijse of the active por- 
tion. The full line cam 
would give much quieter 
running, for suppose the 

cam shaft to revolve at 100 revolutions per minute, and the dead 
or concentric cam to be 1{^ inches radius, having therefore a 
velocity of 95 feet per minute. The clearance is assumed to be 
I inch, and as this clearance is worked off in a distance of 2 inches 
measured on the circumference of the cam, the striking velocity 
between the lifting lever and the valve stem is, neglecting the 
slight difference due to the greater radius of the striking point, 
y » 12 feet per minute, or 2*4 inches per second, assuming the 
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lifting lever to have equal arms. There is nothing destructive 
about such a velocity as this. In the case of the cam shown by 
dotted lines the striking velocity is four times as great. By 
increasing the circumference in which the clearance is worked off a 
very low striking velocity is obtained ; but there is a practical limit 
in this direction, for with a low striking velocity the least altera- 
tion in the length of the valve stem, or a slight wear in the pins 
and wearing surfaces would sensibly affect the timing of the valve, 
and the difference in the temperature of the parts between just 
starting and after a few hours' run would sensibly affect the 
running of the engine. It would be no difficult matter to design a 
cam so that the variation of ^^ part of an inch in the length of 
the valve stem or wear in the pins would affect the timing by 



Fig. 170. 





10° of crank movement. A good average practice is to make the 
clearance from ^ to ^ of an inch, according to the size of the 
engine, and to arrange the cam to work off this amount in a 
circumference equal to sixteen times the clearance. Adjustment of 
timing is effected by a set screw in the end of the lifting lever, 
as shown in Figs. 168 and 169. Raising the screw hastens opening 
and delays closing; lowering has the opposite effect; and when 
the meeting and leaving lines of the cam are the same, any 
given degree of adjustment affects opening and closing to an equal 
extent. The object of the gradual slope to the active part is liable 
to be defeated by careless adjustment ; for when the set screw is 
too low the cam will not strike until the roller is running on the 
raised part, when the velocity of impact will be much increased, 
and a clatter will be the result. An improved method of arrang- 
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ing the springs and lifting piece on the valve lever is shown bj 
Fig. 169 j the advantage of which is that it allows of a longer and 
lighter spring, together with a convenient means of acyusting the 
tension. 

In uiany engines the inlet valve is placed at the side of the 
combustion chamber, and has a horizontal movement. The closing 
spring is also enclosed in a bonnet, as shown in Fig. 170. This 
is a very neat arrangement, and brings the valve in a convenient 
position with reference to the cam shaft, and, as pointed out in a 
previous page, such a position is necessary with certain valve 
settings. 

Relative Position of Cams. — Fig. 171 illustrates the method 
of designing the relative positions of the cams and their respective 
forms. In this diagram the rollers are supposed to revolve round 
the cam shaft, the cams being stationary. This simplifies matters 
and dispenses with the use of tracing paper, templates, and pricking 
the cam positions through. The diagram is divided into quadrants, 
whereof B AO refers to the suction stroke, C A D to the compres- 
sion stroke, DAE to the power stroke, EAB to the exhaust 
stroke. The rollers are supposed to be in line with each other look- 
ing end on the cam shaft. This is not what would occur in actual 
cases, but it is convenient for the purpose of illustration. On the 
line A B produced draw a circle to represent the roller of the air 
cam. The distance from the point A to the centre of the roller 
circle will be equal to the radius of the roller plus radius of concen- 
tric part of cam plus clearance between roller and cam, or between 
valve lifter and valve stem referred to the distance from the centre 
of the roller to the pivot of the lifting lever. The gas cam opens at 
the same instant (see Fig. 165), therefore the roller for the gas cam 
should be drawn on the line A B. The gas cam closes at H (Fig. 
165), which, in the present diagram, is about 22*^ angle of crank 
from the end of the stroke. Make the angle HA J (Fig. 171) 
equal to half the angle HA J (Fig. 165), and at the proper distance 
from the centre A, and with the radius of the gas cam roller 
describe a circle. Knowing the required lift of the gas valve the 
form of the cam can then be determined. The outline must touch 
the two circles thus drawn and should be designed on the lines 
described in a previous psse. The air valve closes after the end 
of the suction stroke, and ^erefore the centre of the closing roller 
circle position will fall in the second quadrant. Make the angle 
C A F (Fig. 171) equal to half the angle JBC (Fig. 165^, and at 
the proper distance from A describe the circle. The height of the 
raised portion is governed by required lift of the valve, and the 
boundaries of the outline are then defined. The exhaust and 
compression easing cams are shown, and the method of arriving 
at their outlines will be inferred from the previous description. 

The form of the timing valve cam differs considerably from the 
others. It is an essential feature that the ignition valve should 
open very suddenly to ensure prompt firing. The ignition valve is 
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therefore generally arranged so that it if held open by a spring, 
except at the periods when the cam holds it closed. This enables 
an almost instantaneous opening to be obtained without undue 
stress and rattle. Fig. 172 shows two cams suitable for giving a 
rapid motion to the ignition apparatus, and Fig. 173 shows the 
4X>nnection between the cam and the valve spindle. 

Ignition Valve. — The action of the Ignition valve is quite 
different from that of the other valves, and to understand its 
action and construction fully a detail drawing and description 
are necessary. Referring to Fig. 174, which shows the hot tube 
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and ignition valve chamber in section, the passage A is in com- 
munication with the compression space at all times. The ignition 
valve B is under the control of the ignition cam, and during the 
compression stroke it is pushed forward so that the turned stem 
fits in the bush D, thus isolating the hot tube from the * ylinder. 
At the proper instant the step on the cam passes the roller, and the 
valve at once flies open under the influence of the spring C, and the 
mixture is fired. As the valve springs open it closes the passage K 
This passage communicates with the atmosphere, snd its function 
is to pass the exhaust gases remaining in the hot tube and passages 
from the previous charge. When the ignition valve has closed the 
passage between the hot tube and the cylinder, the tube and its 
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passages are open to the atmosphere because the ignitioii valve is 
then lifted from its bevelled seat over the passage E ; the spent 
gases, therefore, rush through E to the atmosphere. This prevents 
the accumulation of burnt gases in the region of the ignition tube, 
which would have a tendency to produce miss-fires. The hood F is 
provided to form a receiver for burnt gas, and when compression 
takes place the spent gas remaining in tiie passage A from the 
previous explosion is forced to the top end of the hood to give place 
to the cool, in'flammable charge which is ready to rush to the hot 
tube as soon as the ignition valve flies open. 

From the above action it will be obvious that a rapid opening 
movement is essential, for, in order to prevent leakage during the 
power stroke, the interval between the opening of passage A and 
the closing of E must be less than the time occupied by the charge 
rushing through the hot tube and passages, firing, and Uie return of 
the flame to the ignition tube. The ignition cam must, therefore, 
be designed accordingly, and the spring be of sufficient strength to 
impart the necessary inertia to the valve. 

Fig. 175, 





Actual Position of Cams.— It has been previously said that 
Fig. 171 shows the cam positions relative to each other, assuming 
that mil the rollers are opposite each other looking in a direction 
parallel with the axis of the cam shaft. Actually this is rarely the 
casf! ; but, having determined the assumed relative positions, the 
actual positions are soon found when the arrangement of the rollers 
has been settled. In Fig. 175 let A represent the air-valve roller 
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and B the exhaust roller. The arrow shows the direction of 
rotation, from which it will be seen the actual angle of the exhaust 
cam will be X degrees in advance of the air cam from the position 
obtained by assuming both oams to be opposite. 

Spiral Cams*— Sometimes the cams take the form shown by 
Fig. 166. The considerations which were taken into account when 
dealing with the ordinary type will apply equally to this style of 
cam. The angle embraced by the curved part of the groove is 
equal to twice the open period of the valve measured in angles 
of crank movement. 

Fig. 176. 




EceentriO Exhaust Gear.— in place of cams eccentrics may be 
used, but the gear must be designed to suit the peculiar circum- 
stances which then obtain. It has been previously explained that 
any particular valve of a four-cycle engine is only operated once in 
four strokes, and hence only about one-quarter of the eccentric 
movement is available for valve action ; and, further, the contact 
must be made when the eccentric is moving rapidly. These 
objections, however, may be surmounted by careful design in the 
levers. Referring to Fig. 177, which shows the exhaust gear of a 
large gas engine of the writer's design, the point of contact is made 
near the boss of the lever A, at a very slow speed. As the eccen- 
tric-rod rises, the point of contact moves rapidly to the right, and 
by reason of this action, although little more than one-fourth of the 
eccentric motion is useful, the eccentric is not of great size. More- 
over, the gear is silent in action, and, as the eccentric, rod, levers, 
and valve spindle are in one plane, there are no cross strains, and 
the gear is mechanically superior to a roller and cam arrangement 
with its small wearing surfaces and jerky action. The use of 
eccentrics is becoming more common, especially in large engines, 
and it is probable that they will displace cams to a large extent. 
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In thifl figure the lay shaft has been shown at rig^t angles to its 
real position parallel to the centre line of the engine, the object 
being to show the position of the exhanst pipe and cylinder end, as 
well as the cooling arrangements, in one drawing. 



f/g. tn. 




Valve Diasrwim for Eccentric Gear.— The useful throw of 

an eccentric lor actuating any valve of a four-cycle gas engine is 
obtained in a similar manner to the active portion of a cam. 
Keferriug to the cycle diagram in Fig. 178, let A be the opening 
and B the closing point of any valve. In the eccentric diagram to 

the right make A C B equal to ^^^^ and join A B. The versed 
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sine of angle A B « D E ia the effeotive trarel of the eocentrio- 
rod, or that travel which it useful in giving opening to the valve. 
By carefully arranging the lever systemfl, a wide range of valve lift 
may he obtained from one sice of eecentric, thus effecting eoonomy 
in pattemmaking ; and, if the rods are led off at the proper angle, 
one eooentric may be used to drive several valves. 

Fig. 178. 




WateF-0OOl6d Valves. — in engines of moderate or large size, 
and particularly those which operate under the throttling system 
of governing, and consequently do not benefit by the cooling effect 
of idle strokes, water-cooled exhaust valves are almost essential. 
Examples of such valves are seen in Figs. 177, 182, 186, and 187* 
In Fig. 177 the spindle is made of large diameter compared with 
the size of the valve, and two small holes are drilled down it. The 
water supply is carried to the spindle by flexible pipes. Arrange- 
ments are also made to circulate water through the valve seat, 
which consists of a loose casting accurately turned to fit the hole 
in the breech end provided to receive it. The method of circu- 
lating water in the Crossley balanced valve will be seen from 
Fig. 182. Figs. 186 and 187 show water-cooled valves for a 
Westinghouse vertical and a Tangye horizontal engine. 

Variations In CyolOS. — The cycle above described, together 
with the hit-and-miss system of governing, may be regarded as 
the standard cycle now in use for medium-sized engines, but the 
deviations from this standard are numerous and radical. First in 
the matter of valves. Some small engines have no timing valves, 
the ignition being regulated by adjusting the position of the 
flame round the hot tube. Others again have electric ignition. 
In many small gas engines the air inlet valve is not operated 
mechanically, but lifted by the suction of the piston, but this plan 
reduces the power of the engine to some extent by preventing 
the cylinder taking in a full charge at atmospheric pressure, and 
there is consequently a drag on the piston during the suction 
stroke. Consequently automatic inlet valves are not used on large 
engines where eoonomy is important. 
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Govemingr* — ^^ ^^® matter of governing there are several 
methods in practical uae. The hit-and-miss principle is at the 
present time the most economical, bat in respect of giving a nni- 
form speed of rotation to the crank shaft it is anything bat an 
ideal method. The gas-throttling method, whereby the qoalitj of 
mixtare is regulated by the governor according to the IcmeuI, gives 
more regalar turning at the crank shaft; but there is some difficalty 
in obtaining prompt firing of the weak mixtures, and, if this method 
be adopted, electric ignition becomes necessary. Also^ in the case 
of suction or producer gas, where the charge is not so inflammable 



Fig. 179. 
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as coal K&8, electric ignition is the only satisfactory type. A 
further defect of this system is that it gives a limited range of 
governor control, beyond which miss-fires and pre-ignitions occur. 

Another method of governing is to vary the amount of mixtare 
admitted to the cylinder, the quality being constant — a system 
identical with the action of a throttling governor of a steam engine. 
The objections to this system are the excessive gas consumption on 
light loads and the resistance caused by reduced suction pressure 
on the charging stroke. 

With the constant-volume system, the type of valve illustrated 
by Fig. 179 is sometimes used. The cylindrical valve A is under 
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goTernor control, and as it moves upwards the gas is throttled, but 
the air passage is increased, thereby maintaining a practically 
constant yolume. At full power the governor valve is in bottom 
position, and the bush B is adjusted to give the strongest explosion. 
The governor then adjusts the mixture for all other positions. A 
stop should be provided to limit the rise of the governor beyond 
that position which gives a certain ignition to the charge. In the 
present example a locking arrangement is provided, and also index 
fingers, C and D, which show the amount of air and gas port open 
for all positions of the bush B. 

In the throttling system the governor gear is still simpler, a throttle 
valve of any convenient construction and a hand-regulated gas valve 
to regulate the proportion of gas to air being all that is required. 

Another system is to jjive governor control to the period of 
admission of gas, but always to dose at the same period — ^namely, 
the end of the suction stroke. This, in a slightly modified form, is 
the system adopted in the Koerting and Oechelhauser engines, a 
reference to which will be made later. 

A system which has recently been brought out by Orossley 
Brothers is to govern by means of an air-inlet throttle valve. 
Three inlet valves are provided for each cylinder, one of which 
admits pure air, and is operated from the cam shaft and receives a 
constant motion; another admits inflammable mixture, and is 
likewise driven from the cam shaft. The third is a disc throttle 
valve under the control of the governor. Under this system the 
throttle valve, which passes only pure air, is only partially opened 
at heavy loads, and the suction of the piston therefore draws a 
heavy charge of mixture ; but on light loads the throttle is opened 
wider, and therefore a less amount of mixture is drawn in, and the 
explosions are consequently weaker. 

Fig. 180 shows the arrangement of cutpout governing gear 
adopted by Messrs. Bobey and may be taken as representative of 
the dass. The governor is of the ordinary centrifugal type, 
similar to that used on this firm's steam engines, and is driven by 
bevel gear from the cam shaft. A roller is mounted on a long 
pin B, in the valve lever C, and this roller is free to travel along 
the pin under the influence of the governor lever. When the 
governor is in its lowest position the roller runs upon that part of 
the cam which gives the necessary opening to the gas valve, but 
when the governor has attained a certain position the roller is 
moved along the pin B so that it runs on a circular portion of the 
cam, and thus imparts no motion to the valve lever, whereby the 
gas is prevented from entering the cylinder on the suction stroke. 
The governor is provided with a speed adjuster A which enables 
the engine to run at any desired speed within certain limits. It 
will be noticed that the roller has a knife edge. Now the gas cam 
has a nick running partly round the dead or concentric portion of 
the circumference, passing over the raised portion, the object of 
which is to prevent the roller running ofi* the raised part of the 
cam after it has once begun to travel on that part of the cam. 
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Fig. 181 shows a cut-out arrangement designed on a different 
plan. Here the roller actuating the gas valve lever B run« 
upon the cam A at all times, and B has a douhle oscillation 
each revolution of the cam shaft. The upper end of B^ carries a 
thin steel hlade, the edge of which is knifed, as shown in the en- 
larged view. Interposed between this blade and the valTe spindle 
of the gas valve is a floating blade, carried by a suspension-rod 
from the governor lever, and this blade is nicked on one edge to 

fig. IBO. 
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correspond with the knife edge on B. When the governor is 
revolving at normal speed, or any speed below normal, the blade on 
B opens the gas valve through the intenposition of the floating 
blade, but when the speed is increased the latter is lifted out of the 
plane of the blade on B, and therefore the gas valve is not opened. 
From this description it will be seen that the governor has 
absolutely no other resistance to overcome than that of its own 
friction; and it differs from a steam engine governor in that a 
hair's breadth in the movement of the floating blade is sufficient to 
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change the power developed in the ojlinder from maximam to nil, 
and viee versd. The gOTemor always reyolvee in ite boUom plane 
with the tleeye resting on the goyemor bracket^ except jirhen the 
mean speed is exceeded^ and then the slightest moyement lifts the 

Fig. 181. 




blade ont of the reach of the knife edge. The object of the nick 
is, of course, to make the action decisiye. Once the blades are 
engaged they remain so until the cam has released the leyer B ; 
there is no slipping off when once the governor has determined 
that a charffe of gas shall be given to the cylinder. 
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Modem Developments. — The present tendency in gas engine 
practice is to increase the degree of compression. This gives in- 
creased economy in gas consumption, and the power of the engine 

is greater tor a giren size of cylinder. 
Advance in this direction, bowever, 
is limited by reason of premature 
firing, which is liable to occur from 
the heat generated by compression. 
This heating is also augmented by 
the high temperature of explosion, 
wherefore it becomes necessary to 
water-jacket the piston as well as to 
provide a water core in the exhaust 
valves. In large engines the force 
required to lift the oitiinary un- 
balEuiced mushroom valve may be 
several tons, and it is therefore 
customary to employ balanced valves. 
Fig. 182 shows a recently adopted 
type with arrangements for water 
cooling. 

Water Il^iection.— Water injec- 
tion is now frequently applied, the 
objects being to keep down cylinder 
temperature, to prevent pre-ignition, 
to soften the blow of the explosion^ 
and to allow of higher compression. 
In arranging apparatus of this kind, 
it is advisable to admit the water 
in the form of a spray, so ihat it 
becomes quickly evaporated and does 
not come in contact with the cylinder 
^T^^^^^^l \\\ waUs. 

y J WVJ The Crossley injection apparatus 

is clearly shown by Figs. 183 and 184, 
which are taken from The Enginemr. 
The small needle valve is supplied 
with water from the circulating water 
pipe, and the drip can be regulated to 
a nicety. The drip falls into the cup 
W (Fig. 183), and is drawn into the 
cylinder during the suction stroke 
past the valve shown in detail by Fig. 
184. This valve is supported by a 
light spring, and, of course, remains 
olosed except during charging strokes. The arrangement in the 
drawing shows the position of the apparatus in relation to the 
inlet and exhaust valves, and gives a good idea of its size in 
proportion to the engine. It is here shown combined with 
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the indicator oonnection, thus ayoiding the necessity of another 
hole in the oomhustion chamber. 
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Independent Compression.— in order to overoome the diffi- 

oaltj of premature explosions, and to obtain an impulse erery 
alternate stroke on each side of the piston, the writer took out 
a proYisional specification (16,626), 1903, where, in the case of 
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a lottery oC g»a engines, the mir and gas woald be sapplied 
under high pressure from independent compreasors. The air 
and gas would be carried in separate mains, from which the 
gas engines would draw their supply after the manner of a 
battery of steam engines. By this arrangement there is practi- 
cally no limit to the degree of compression, and frirther, the 
expansion of the gases after explosion may be carried down to 
14 or 15 lbs., or lower, if necessary. A rotating air and gas valve 
was designed to regulate the admission, a sketch of which is given 
herewith. The valve ports are so disposed that towards the end of 
the exhaust stroke a blast of cold compressed air is blown into 
the cylinder to cool the surfrMS^ and dear out the residue of the 
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exhaust. The governing frinction is effected by raising or lowering 
the valve, so that the amount of mixture entering the cylinder 
is varied according to the load, but the quality is constants Tlie 
rotating valve would not be directly under the control of the 
governor, because the force necessary to actuate it would be 
too great, but it would be operated through a relay. Various 
eas engine makers were approached on the subject without 
result and the patent has now lapsed. It is probable, however 
that developments wiU proceed along these lines at a future date. 

WestlnirhOUSe En^ne,— The general disposition of valves 
and ^e arrangement of gearing in a few modern engines are 
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shown bj Figs. 186 to 188. Fig. 186 shows two views of a 
Westinghonse engine of the three-cylinder vertical tjpe. It will 
be seen that in its general outline the engine closely resembles 
the high-speed enclosed 
forced - lubrication 
steam engine. The 
Westinghouse gas en- 
gine works on the Beau 
de Rochas cycle, and 
the cam shaft is driven 
from the crank shaft by 
spur gearing with a 
ratio of 2 to 1. Both 
inlet and exhaust valves 
are placed to one side 
of the cylinder and not 
in the covers as for- 
merly, the advantage 
of the arrangement here 
shown being that the 
pistons are accessible 
by simply removing the 
covers without disturb- 
ing the valve arrange- 
ments. The governing 
is on the throttling 
principle, and there are 
no cut-out strokes. The 
air and gas enter the 
engine by separate 
passages, and are thor- 
oughly mixed before 
reaching the throttle 
valve Y. This valve is 
under the direct control 
of the governor, and 
the mixture is throttled AA^uUibnum \ 
in its passage to the ^^^^* 

engine exactly as in the 
case of a steam engine 
with a throttle gover- 
nor. Following the 
usual practice on en- 
gines of moderate sise 
the exhaust valves are 
water-cooled. The pistons, however, are not provided with circu- 
lating water, which is considered essential for satisfactory work by 
some engineers. 
Tangle Engine. — ^The Tangye engine is shown by Fig. 187 ; 
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it is of the siogle-cylinder horizontal type working on the Bean de 
Rocbas cycle. The piston is water-cooled, as well as the exhaust 
▼alve £. The valye A is for air and gas admission, whilst G 
regulates the gas supply. The arrangement of the gear for work- 
ing the various valves will be followed from the illustration* The 
engine being intended for working with suction gas the ignition 
is electric, and the timing gear is seen in the end view, operated 
by the rod K. The principle of this gear is similar to the trip 
gear of a steam engine. The release of a catch makes a spark in 
the combustion chamber, and the timing of the spark can be 
regulated by hand as the engine is running. The hit-and-miss 
gear is clearly shown, and its operation will be followed from an 
inspection of the end view. 

On the Continent the development of the large gas engine 
has been rapid, and there have been evolved a number of 
engines which, in design, are unlike those of English origizi. 
The double-acting engine is common, and the external appearance 
bears a close resemblance to a steam engine with drop valve gear. 

Nurembei^ Ensrine. — Fig. 188 shows- a section through the 
cylinder of an engine made by the Yereinigte Maschinen-Fabrik, 
Nuremberg. The valves at the top comers are for admission of 
the mixture, and are timed to open at the beginning of the intake 
stroke. The cycle being the Beau de Rochas, these valves are 
driven from a half-speed shaft, and the cams are placed at 90* apart. 
The method of driving these valves is by means of eccentrics. 

The inner valves on the top of the cylinder are of the lantern 
type and are under governor influence. The principle of govern- 
ing is that of constant quality but variable quantity, so that these 
valves, through which the piston draws its charge, have a variable 
lift as demanded by the load, the quality of the mixture having 
been previously determined by an adjustable valve. 

The exhaust valves are of the usual construction, and are driven 
by cams and closed by springs in the usual manner. Both valves 
and seats are water-cooled. With respect to the cylinder and 
covers their ample water spaces will be noted; and another feature, 
by no means peculiar to the Continental engine, is that there is no 
loose liner for the cylinder. The piston, as in all double-acting 
engines, is also water-cooled. 

KoertinSf Engine. — ^The well-known Koerting engine is of the 
two-cycle double-acting type, having separate pumps which deliver 
air and gas to the working cylinder under a slight pressure. The 
engine h&s no exhaust valves, their function being fulfilled by the 
piston over-running exhaust ports in the centre of the cylinder. 
The length of the piston is, therefore, equal to the stroke minus the 
width of the ports. The governing is on the gas throttle system, 
and is effected in the following manner : — ^The pumps first deliver 
pure air to the cylinder and later a mixture of uniform quality, 
the quantity of which is regulated by the govei*nor in accordance 
with the load. The cycle of operations is depicted on the diagram 
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(Fig. 189). These engines are of the horizontal type. For the 
power deyeloped thej are, of course, much smaller than the four- 
stroke cycle single-acting engine, bat they are complicated by 
reason of the air and gas pumps. 

Oechelhftaser Engine. — ^In the Oechelhanser engine* the 
charge is fired between two pistons working in opposite directions 
in a long open-ended cylinder. These pistons are coupled to a 
three-throw shaft by side rods and connecting-rods. One great 
advantage of this arrangement is that difficulties in the construc- 
tion of the combustion chamber are entirely ayoided, since the 
pistons themselves form the containing sides of the combustion 
chamber. This engine has a separate pnmp which delivers the 
charge to the working cylinder at a pressure of 5 or 6 lbs. per 
square inch. The governor regulates the amount of mixture 
retained in the cylinder before compression. As in the Koerting 
engine, the valve gear is simplified by the fact that there are no 
exhaust valves, the pistons uncovering circumferential porta as 
they approach Uie end of their outward strokes. 

Fiq. 189. 




* For a full detailed description of the OeohelhAoser engine i 
vol. Izzxi. 
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AIR COMPRESSOR VALVES AND GEARING. 

CoNTCNTS.— Area through Valvea — Automatic and Positively-driven Valvoe 
—India-rubber ValyeB— Hinge Valves— Coiled Valve - Muahroom Valve— 
Reidler Valve— Rins Valve— IngerBoU-Sergeant Compressor— Slide Valves 
— Corliss Valves>-Ktt8ter Valve Gear— Unloading Devices- Fraser k 
Chalmers' Air Qovernor. 

Area thrOUS^h Valves. — The automatic valyes of air compressors 
should open easily, close rapidly, be free from dancing on the seat, 
giye the smallest possible clearance, and offer a large opening for 
the passage of air. The area of the inlet passages may be designed 
for a mean speed of 90 feet per second, and the valves should be 
arranged to give the necessary area without much lift, or banging 
and dancing will result. 

It has been a common practice to make the outlet valves of com- 
pressors of equal area to the inlet valves, but a little consideration 
will show that if an area giving a velocity 90 feet per second is 
ample for the suction valves, a smaller area may be given to the 
outlet valves. In the first place, the intake valves remain open 
practically the whole length of the stroke, and must therefore give 
sufficient area to pass the air when the piston is travelling at its 
maximum velocity. It is also clear that any throttling of the air 
on the intake not only represents dead loss of power, but reduces 
the capacity of the compressor and also the maximum pressure at 
which it will deliver air. Delivery valves work under entirely 
different conditions. Except in the case of blowing cylinders, and 
those for supplying air at a low pressure, the outlet valves do not 
open until the piston has passed its central position, and is moving 
at a reduced velocity. These considerations show that the practice 
of designing the area of the delivery valves solely with regard to 
the piston displacement is wrong. In the case of the action of an 
air compressor delivering at 100 lbs. per square inch by gauge, the 
delivery valves will not open until the piston has performed about 
90 per cent, of its stroke, and the piston velocity, when delivering, 
is only moving at one-fourth of its mean speed ; therefore it follows 
that in such a case an outlet valve, having half the area of the 
suction valves, would give less resistance to the flow per unit of time, 
even taking into account the increased density of the air, whilst the 
action is only one-tenth the duration of intake. Another consider* 
ation points to the advantage of small delivery valves, and that 
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is the Bevere banging to which they are subject if they do not 
dose promptly, and it is clear that small yalves will seat more 
rapidly than large ones because their inertia is less. With aaction 
TslFes no sach severe action takes place ; the pressures at which 
they open and close are always low, and the high pressure does not 
come upon them until they have been some time on their seat. 
The matter of clearance is of great importance in high-pressure 
compressors, and it is no easy matter to design a single stage 
compressor with a satisfactory volumetric efficiency at 150 lbs. per 
square inch, and at the same time provide adequate suction and 
delivery passages and valves. This consideration emphasises still 
further the advantage of a small delivery valve area. 

Automatie and Positiyel^-driyen Valves.— The valves of 

air compressors may be automatic or of the positively -actuated typeu 

For a given valve set- 
Fig. 190, ting the positive valve 

compressor will never 
deliver air below a cer- 
tain pressure, no matter 
whether the receiver 
pressure is nil or a max- 
imum. The indicator 
diagram from a com- 
pressor having positive- 
ly actuated delivery 
valves, when commenc- 
ing to pump into a 
receiver at atmospheric 
pressure, will be simi- 
lar to the diagram in 
full lines, Fig. 190, and 
succeeding diagrams 
taken as the pressure 
in the receiver rises would follow somewhat on the lines shown 
dotted in the figure, until the delivery line became practically 
horizontal. After this a change would take place in the action, 
and when the delivery valve opened the fluid would for a tame 
flow into the cylinder. This is shown by the slope at A. A 
series of diagrams taken from a compressor with automatic valves 
under the above conditions would resemble tiiose shown by Fig. 
191. It will be seen that the difference in the area between the 
nrst and the final disgram is much greater than in the previous 
case. Another interesting point in connection with air compressor 
disgrams is that in the case of a positive delivery valve compressor 
there is a certain pressure beyond which it is disadvantsgeous 
to work, and that pressure is reached when the pressure in the 
receiver is such that on the opening of the delivery valve there 
is a flow from the receiver into the cylinder. The efiect of this 
momentary reflex action is to throw the pressure of the receiver 
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■^ upon the advancing piston, and the resistance offered daring that 

' reflux action is dead loss. 

'^ The action of the saction valves of a compressor requires some 

'^ consideration before a satisfactory type can he designed. With an 

* automatic valve the time of opening depends on the clearance 
volume in the cylinder and the delivery pressure. At the end of 

f^ the oompression stroke the clearance space is filled with air at the 

!» receiver pressure, and this must expand down to atmospheric 

i pressure before the suction valve will open to admit a fresh charge. 

* It is clear that there is a certain pressure at which a compressor 
•• will cease to deliver any air whatever, and that point is reached 

when the pressure in the receiver is so high that the compressed 
« air in the clearance space simply expands down to atmospheric 

Pressure just as the piston reaches the opposite end of the cylinder, 
'hat is to say, a 

I' compressor having a Fig. 191 

f clearance volume of ( — — -^ 

J 10 per cent would \ \ 

9 not deliver air at a ^ *-- ^^ 

f greater pressure i \ 

t than about 150 lbs., Y' '^i 

t but would simply r' A 

I compress or expand h ^v 

f the same volume of f \ 

f air each cycle, just | ^ -A 

t in the same manner u— -*^"'* \ 

as the air buffer of ^. -' "^\ 

a single-acting high- J» - — 2i^^ 

speed engine. Both p 1^^^ 

suction and delivery S^ZZSJ'Si"! - ^T^^ . 

valves would always S\ <i . ■■ - T" , '*"*-^ 

remain closed, and 

the power expended on the compression stroke would be mostly 
recovered on the expansion stroke. The effect of clearance and 
delivery pressure on the opening of the suction valves is shown 
in indicator diagrams by the position and form of the heel of the 
figure, and, referring to the cards (Figs. 190 and 191), it will 
be seen that the opening of the suction valve is delayed as the 
pressure rises, showing that the volumetric efficiency of a com- 
pressor decreases in an inverse ratio to the pressure. In an 
automatic valve compressor this period of opening requires no 
attention or adjustment from the attendant engineer, but with a 
positively actuated suction valve there is a particular point for 
a particular pressure, at which the valve must open in order to 
avoid loss. If the opening be too late there will be a partial 
vacuum formed daring the suction stroke which wastes the power, 
whilst premature opening allows an escape of the air in the clear- 
ance space before it has rendered up its energy to the piston 
on the suction stroke. 
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The diagram in Fig. 192 shows late suction opening and the lost 
power is represented by the shaded area, and Fig. 193 is a diagram 
showing premature opening, the loss also being indicated by a 
shaded area. It would therefore appear from these considerations 
that for a certain valve setting a positive suction valve compressor 
is only efficient at a certain pressure, depending on the clearance 
volume. The object of a positive suction valve is to provide an 
unrestricted flow into the cylinder, but, if fitted on a machine 
which operates at varying pressures, it will be a wasteful type of 
valve unless automatic means are provided to delay opening as the 
pressure increases. 

From these considerations it would appear that a positive 
suction valve compressor is best adapted for a machine working 
at a constant pressure for long periods. Where the work is inter- 
mittent and the pressure variable, the mechanically-controlled valve 
is at a disadvantage because of the incorrect timing of the valve for 
all pressures, except the particular one which allows the proper 



fig. 192. 



Fig. 198. 




amount of expansion of the air left in the clearance space. So far 
as the delivery valves are concerned the mechanically-controlled 
type gives a more equal load on the machine for varying pressures, 
which is an advantage in a direct steam-driven compressor, bat if 
the pressure in the receiver should exceed the pressure in the 
cylinder at the time of opening of the delivery valve, then is an 
unnecessary resistance offered to the machine. It is therefore 
not unusual to find the mechanically-controlled outlet valve fitted 
with an arrangement of automatic delivery and an unloading 
device. In comparing the two types there is also to be con- 
sidered the complication entailed by a mechanically- controlled 
valve which, however, is in a measure compensated by the absence 
of springs. 

It has been said that the deilivery valves are liable to bang 
unless they close promptly, and this objection is aggravated if the 
valves have a large lift. Now the objection to a nest of small 
valves is that they ofier excessive resistance to the fluid, so that if 
one large valve is adopted it should be carefully designed to avoid 
the great bang which is so destructive to the valves and seats. The 
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Riedler valve ia a successful attempt to reduce shockSi to provide 
'* ample and automatic opening, and to give high speeds with a large 

^ valve. The gear is described in a following page, and it is only 

necessary to state here that in both suction and delivery the open- 
^ ing is automatic. The closing, however, is partly positive and 

^ partly automatic. The valve is closed mechanically until it is 

^ within about ^ of an inch from its face, when the remaining 

^ motion becomes automatic. This method of action, whilst givins 

a quiet closing, has all the advantages of an automatic valve, and 
•'* allows of large-size valves and speeds up to 100 revolutions per 

minute to be employed without objectionable shocks. 
^ The clearance of an air compressor is of great importance, and 

>"• effects the working of the valves, the output of the compressor, 

I' and the working efficiency. The question of cooling is also of 

great importance, but, except to the extent that it influences the 
\^ design of valve gear, it is oeyond the scope of this work to deal 

: with this subject. 

In compound compressors the first or intake cylinder may with 
advantage be fitted with mechanically-moved valves for both 
suction and delivery, for in this cylinder a constant delivery 
pressure into the inter-cooler or intermediate receiver is obtained 
in spite of fluctuations in the delivery main pressure, and when the 
valves have been once set they require no further adjustment in the 
timing of their functions. Fluid friction on the suction stroke 
of the first cylinder has a considerable effect in reducing the 
capacity of a machine, whereas in the second cylinder it has little 
or no effect on the output. 

If in entering the cylinder the air passes in thin streams through 
hot passages or ports, or past hot valves and seats, it will become 
rarified and reduce the capacity of the machine. The valve gear 
should therefore be designed to avoid this effect as much as possible. 
Having now considered the general principles influencing the 
' action of the valves it remains to illustrate and describe particular 

types. 

India-rubber Valves. — The india-rubber rectangular and 
' circular types of valves have been much used for blowing cylinders 

where they have proved satisfactory for pressures not exceeding 
15 or 20 lbs. per square inch above atmosphere. They are also 
employed to a large extent for vacuum pumps. The material is 
not adapted to withstand the high temperatures which obtain with 
high-pressure compressors, and apart from this consideration the 
heavy pressures would soon destroy them. 

Hinge Valves* — The hinge valve is an excellent type and has 
been employed for many years with great success. It has the 
advantage that it can be made of large size, thus giving adequate 
opening with a small lift, and by careful design the clearance 
can be made extremely small ; also the valve area being large, a 
very slight difference of pressure is sufficient to open or close it. 
Beferring to the accompanying figure, which shows the arrange* 
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ment of valves in the end of a horizontal cylinder, it will be seen 
that the inlet valve occupies the upper half of the cylinder end and 
the delivery valve the lower portion. The material of the valves 
is cast steel, and the faces thereof are carefully scraped and bedded 
on the cylinder cover faces. The valves are hinged on substantial 
spindles carried in long gun-metal bushes at each end. The spindles 
move with the valves, and efficient lubrication should be provided 




■ 



at the bushes. The disadvantage of this valve arrangement is that 
it t>re vents thorough jacketting of the cylinder ends, just the place 
where the cooling water would be most effective. 

The valves require to be very carefully controlled or severe 
liAti^^ing will result, especially in the case of the outlet valves. 
Eacii valve, it will be noticed, is connected by a link to a guide 
piston, the rod of which is under the control of springs, and 
nibber buffers. The width of the seat is made ^ inch for valves 
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of oylindeni 12 inches diameter and under, and up to | inch wide 
for YalYes on 60-inch cylinders. It will be seen that the air inlet 
is enclosed, the adyantage of which is that the compressor inhales 
a cool breath of air from the open instead of taking in the warm 
rarified atmosphere of the engine-room. This increases the capacity 
of a compressor to an appreciable extent. 

The Coiled Valve.— The latest form of YalYo used by Messrs. 
Fraser & Chalmers is of the automatic type. It consists of a coiled 
plate carried on a hinge spindle as shown in Fig. 195. This type 



Pig. m. 
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of valYO is suitable for either water pumps or air or gas com- 
pressors. Fig. 196 shows the application to an air compressor. 

Fig. 196. 




Compressor Cylinder with Coiled Valves. 



Both inlet and outlet YalYCS are carried in a conical turned plug 
at the end of the cylinder. This forms a Yery good arrangemeut ; 
the plugs are easily withdrawn for inspection, and the Yalves are 
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quiet and prompt in action ; the wear is smal], and the renewal of 
a valTO is a simple matter. 

When used on blowing cylinders the valves are arranged in a 
eirole round the end of the cylinder as shown in Figs. 1^7 a^d 

fig. 1^7, 





Blowing Cylinder with Coiled Valves. 
Fig. 193. 





Enlarged View of Valve. 



198. The object is to obtain a large valve area, and although the 
delivery valves are not so accessible as in the previous example, 
and the clearance is greater, these points are wisely sacrificed for 
a large valve area; because the clearance of a low-pressure 
compressor has not the same effect on the capacity and efficiencj 
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as occurs with higher pressures ; and where the pressure is low it 
is not often that the valves require inspection. 

Hushroom Valve* — ^The next illustration shows the mushroom 
type of valve. Valves of this type are not usually made more 
than 4 or 5 inches in diameter and are arranged in groups, the 
number in the group varying with the size of the compression 
cylinder. The springs may be designed to give a closing pressure 
of ^ lb. per square inch of valve area. The springs should not 
be too short or they will ofifer too much resistance to the valve 
opening the proper extent, and wiredrawing or throttling will 
result. When vertical the weight of the valve must be allowed 
for when calculating the strength of the springs. 

Considerations of durability would point to the necessity of 
making the valve seats wide, but in the case of delivery valves, 
wide valve seats render the action of the valves jerky and reduce 

Fig. 199. 





the efficiency of the compressor. To illustrate these points take 
the case of a delivery valve having a diameter of 3 inches across 
the inside of the seat and 3f inches on the outside. Suppose the 
pressure in the receiver to be 80 lbs. per square inch. The 
pressure of air on the delivery side will be equal to the area of 
3| inches diameter x by 80 lbs. => 716 lbs. The area of a circle 
3 inches in diameter is 7*07 inches, and therefore before the 
valve will open the pressure in the cylinder must be equal to 
71 fi 
^Tyf = 101 lbs,, or an increase of 25 per cent. The effect is 

identical with that of a positively controlled delivery valve 
working at a pressure for which it has not been adjusted. The 
effect of this increase is nearly always seen in the diagram at the 
commencement of the delivery line, and in actual work the valves 
open with a violence which is harmful to the springs and gear. 
Reverting to the figure, the suction valve is shown at the left 
hand and it will be seen that the spring is enclosed in a perforated 
hood of brass. The seating is held in the cylinder by an oval 
flange cast thereon, and also carries a guide for the spindle and 
a recess for the spring. 
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Biedler Valve. — ^The Riedler air compressor vidves are inter- 
esting examples of a design which gives automatic opening both on 
the suction and delirery, but the closing is assisted hj meeiianical 
means. Figs. 200 to 202 show the Talves in detail, whilst Fi^. 203 



Fig. 200. 
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shows the arrangement of the yalves in the cylinder end. It will 
be noticed that there is only one suction valve and one delivery 
valve for each end of the cylinder, and that these valves give an 
opening both on the inside and outside edge of the seat, for the air 

Fig. 202. 
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passage, and both suction and delivery valves are provided with 
dashpots A. The tappets B (Fig. 20:2) q-tq xnaunted on a borisontal 
spindle which receives motion from a csitn on the wrist-piate of the 
steam cylinder, and these tappets are adjusted go that when the 
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yalves are closed and resting on their seats there is about ^ inch 
clearance between the tappet and the valve. By the action of the 
cam on the wrist-plate the tappets are clear from valves when 
the opening period arrives, and the valves are thus free to open 
automatically, but as the closing time approaches the tappets carry 
them to within ^ inch from their closed position and leave the re- 
maining portion of move- ^^ 
ment to be performed ^' 
by the air, thereby secur- 
ing the advantage of an 
automatic valve without 
any serious banging or 
slamming. It would, of 
course, be impossible to 
adjust the tappets to such 
a nicety as to close the 
valves completely with- 
out straining the gear, 
unless springs and other 
complications were in- 
troduced, hence the -^ 
inch clearance is also 
necessary for mechanical 
reasons. The fact that both suction and delivery valves should 
dose exactly at dead point, renders the external gear very 
simple ; one rod from the cam on the wrist-plate is iiufficient to 
control the four sets of tappets, and both suction and delivery 
tappets are carried on one spindle at each end of the air cylinder. 
The external appearance of the Riedler air compressor as made 

Fig. 206. 
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by Messrs. Fraser A Chalmers, Limited, is well shown in the ac- 
companying engraving, which, together with the foregoing details, 
will render the action clear. 

Ring Valve. — The ring valve is shown in Fig. 205. The upper 
is the delivery and the lower the suction valve. The rings are 
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made of gun-metal and are carefuUj scraped to an air-tight fit 
on the gun-metal seats. Each ring is guided by four ribs which 
also limit the lift. This type is suitable for higher speeds than 
most automatic valves. The rings work best vertically, and the 
lift should not exceed /^ inch, otherwise the compressor will make 
false strokes when the speed exceeds 200 per minute, due to the 
valves failing to seat. The writer has tested a compressor with 
this type of valve and a speed of 150 revolutions of the crank shaft 
was attained with only 2 per cent, of false strokes. 



Fig. 206. 




Plan of\ Guard 

When higher speeds are desired, this type of valve should bo 
spring-loaded, as shown by Fig. 206. In this figure two outlet 
valves are shown working on each side of one seat, the springs 
rendering the closing of the lower rings quite satisfactory. There 
is no objection to this design on the delivery valve, but on the 
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suction valve a spring prevents the free flow of air into the 
cylinder, and greatly reduces the output of the machine. Some 
modern high-speed compressors are, therefore, provided with a 
piston inlet valve and spring-loaded outlet valves of the type 
shown by the accompanying figure. 

Ingersoll-Sergeant Compressor. —The well-known inger- 

soli -Sergeant piston inlet compressor is shown in section by 
Fig. 207. The annular steel inlet or suction valves are carried 
in a groove in the piston, and their opening and closing are 
assisted by the movement of the piston. Considering one side 

Fig. 207. 




of the piston, and assuming it to be at the end of the stroke, the 
reversal of the piston will tend to leave the valve behind it, thus 
giving easy passage to the entering air. Towards the end of the 
next stroke, nowever, the valve will outrun the piston and will 
thus be assisted in closing by its inertia. The movement or lift 
of the valve is slight, not exceeding about J- inch, and the wear 
is insignificant. The arrangement, however, does not render the 
valves very accessible, and their renewal or inspection is a trouble- 
some operation. The valves, however, are made of high-class. 
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weldless mild steel and are practically indestructible ; there are no 
springs, and therefore frequent inspection is unnecessary. 

Slide Valyes. — For low pressures a slide valve is sometimes 
employed, and the air cylinder is made with ports like the cylinder 
of a steam engine, but the valve functions differ considerably from 
those of a steam engine valve. Beferring to Fig. 208 the suc- 
tion inlet is at A which would be the exhaust port of a steam 
engine. The suction edge of the valve must oj^en after the crank 
has passed the dead centre, and the exact point at which opening 
should take place depends on the clearance volume and the finsJ 
pressure. The inlet edge should open exactly at the instant the 
air remaining in the clearance space from the previous discharge 
has expanded down to atmospheric pressure. If the valve opens 

Fig. S08. 




before this, compressed air will be lost through the suction port ^ 
on the other hand, should the opening to suction be delayed there 
will be a partial vacuum formed in the cylinder with consequent 
loss. This has already been explained on a previous page. In the 
accompanying valve diagram, Fig. 209, let A B represent the crank 
position when the suction valve should open, and let the throw 
of the eccentric be equal to distance A B. Bisect angle B A H by 
line AG, and produce AG to AF. Then AF represents the throw 
and position of the eccentric relative to the actual position of the 
crank A B, and distance J F « the suction lap corresponding to 
the dimensions X in the previous illustration. The suction will 
open at A B and close at the end of the stroke A H. This action 
is quite satisfactory so far as the suction functions are concerned. 
It remains to deal with the delivery. 

Suppose the receiver pressure to be 25 lbs. and that, taking the 
clearance into account, the crank position at delivery point is A K. 
Now, with the eccentric position already found, it is impossible to 
design the deliveiy edge of the valve so that it will open at A K 
and close again at A D. But by placing a non-return valve on the 
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slide ralye, as shown, the period of opening for the delivery valve 
ceases to be of vital importance, and, provided the port is closed 
exactly at dead point, no serious losses will occur. By making the 
suction or delivery laps equal this effect is ensured, and although 
the opening by the slide valve is long before the pressure in the 
cylinder has reached the delivery pressure, the non-return valve 
prevents reflux of air from the delivery box, but does not prevent 
the air in the cavity of the valve re-ezpanding in the cylinder. 
The capacity of this cavity should therefore be as small as will 
allow the free passage of the discharge from the cylinder. 

Slide valve compressors are only suitable for low pressures, and 
this type entails large clearances. They form interesting examples, 
however, and illustrate the points to be observed when designing 
the valve gear of mechanically-controlled air compressors. 



Fig. 209. 




Corliss Valves. — ^The Oorliss Tfilve is often used for air com- 
pressors, particularly by American engineers. When well designed 
It is a good type and gives small clearance and easy fluid passage. 
The usual arrangement is to have Oorliss suction valves, but 
poppet or mushroom valves for the delivery. The suction valves 
are usually operated by an eccentric working a wrist-plate or its 
equivalent, and the wrist-plate pins arranged to give a rapid open- 
ing and a small dwelling angle. Sometimes the delivery valves 
are positively controlled, so far as closing is concerned, but the 
opening is automatic and occurs when the pressure in the cylinder 
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slightly exceeds the receiver pressure. This allows of one wrist- 
plate and eccentric being used for both suction and delivery valves, 
but where both suction and delivery 
valves are positively controlled both 
in opening and closing two eccentrics 
are necessary. 

The position of the eccentric in 
relation to the crank depends on 
the air pressure and clearance, and 
also on the position of the valve 
levers. The valve must open to 
suction the instant the air in the 
clearance space has expanded down 
to the atmospheric pressure, and 
the eccentric will lead or follow the 
crank as the valve lever is up or 
down. To render this matter clear 
consider the valve arrangement 
shown in Fig. 210. When the crank 
is in the position shown the suction 
valve is ready to open, and the 
valve is edge and edge with the 
port in the cylinder. With the 
valve arrangement here shown the 
valve must open in the direction 
of the arrow, and to give this action 
it is clear that the eccentric must 
lead the crank. Had the suction 
levers been arranged in a vertical 
position it is evident that the 
position of the eccentric would be 
directly opposite to this position. 
The exact angle of the eccentric may 
be found by the construction shown 
in Fig. 189, but in order to deter- 
mine the proper lap of the valve it 
is necessary to trace the amount 
from the eccentric circle to the valve 
circumference. Suppose the throw 
of the eccentric is known, and also 
its angle in relation to the crank, 
the amount of lap referred to the 
eccentric circle would be found as 
explained in the slide valve diagram 
(Fig. 210). From this point it can 
oe traced to the main wrist-plate 
pin, and from thence to the valve 
lever pins on the wrist-plate; the 
amount referred to these points being proportional to their distance 
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from the centre pin of the wrist-plate. From these points it 
may be transferred to the arc described bj the valve lever pins, 
and finally to the valve circumference. 

Fig. 211 is a section through the cylinder of a Corliss valve com- 
pressor with positive inlet and outlet valves. All valves are 
worked from one eccentric, but as it is impossible to obtain the 
proper time of both opening and closing of the delivery valve with 
;tn eccentric set in a suitable position for the suction valve, the 
delivery valves are provided with a series of automatic clacks 
which open at the required instant. The closing action is positive, 
because, when the Oorliss valves are open, the automatic valves 
being in equilibrium, as far as air pressure is concerned, close by 



Fig. 211. 
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reason of the springs. The time of closing of the delivery valve is, 
of course, precisely at the end of the stroke, and therefore this 
action can be accomplished by an eccentric which is common to both 
suction and delivery valves. The present design, which is taken 
from recent American practice, provides for a thorough jacketting of 
the covers as well as the body of the cylinder. Another common 
design met with in American practice is to have Oorliss suction 
valves, but a nest of poppet valves for the delivery. This is a good 
arrangement, since it provides a free suction with oomiMiratively 
simple valve gearing, and as the necessary area through the delivery 
valves is much less than the area of the suction inlet, the poppet 

15 
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vaUes may be kept small and consequently free from serious bang- 
ing or slamming. 

Koster Valve Gear. — The yalve gear illustrated by Fig. 212 
possesses some interesting features, and is well worth a careful 
study. The objects sought are a free suction, an easy delivery, 
quiet closing of the delivery valve, and thorough jacketting of the 
cylinder covers as well as the barrel The suction is controlled by 
the piston valves A, which are driven from the crank like the 
piston valve of a steam engine. In the illustration the piston 
valves are shown near the extreme position to the right. Air is 
entering the back end of the cylinder from the suction chamber S 
through the port 0, sequacious of the piston D. Concurrently 

Fig, 212. 




with this action, the air on the opposite side of D is being com- 
pressed, and when its pressure slightly exceeds the receiver pres- 
sure it will be pushed through the large circular automatic delivery 
valve B into the chamber E. The special feature of this valve gear 
is that, although the delivery opening is automatic, the closing is 
performed by the piston valve exactly at the end of the compressor 
piston's stroke. This action places the delivery valve in equilibrium 
so far as the air pressure is concerned, and its closure is eiSected by 
the light spiral spring shown. Now, as long as this valve closes 
before the piston valve has again uncovered the port, the action 
will be quite satisfactory, since the valve A prevents the air ex- 
panding back into the cylinder. It will be seen, therefore, that 
there is no banging action on the delivery valves, since they have> 
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a period in wbich to seat thenuelves that embraces half a reyola« 
tion of the machine. Aa a result of thia condition, their lift may 
be considerably greater than would otherwise be practicable. This 
reduces the diameter of the valve, and the area of the valve seat. 

Coming now to the geometry of the gear, it is evident that the 
time of opening for the suction valve is shortly after the piston has 
commenced the suction stroke — that is, the instant at which the 
air in clearance spaces has expanded to the pressure in the suction 
chamber. The time of dosing is, of course, exactly at the end of 
the stroke. This matter has already been dealt with on a previous 
page. In a compressor without clearance the opening and closing 
would both be at the end of the stroke, and this action would be 
accomplished by a piston valve without lap, and driven by an 
eccentric at right angles to the crank. 

In Fig. 218, let AB represent the crank position when the 

Fig. 218. 




suction should open ; and A the dosing point. Also, let the 
distance A B «> half the travel of the piston valve. Bisect angle 
BAG by line AD, and produce AD to F. Then AD or A F 
represents the position of the eccentric in relation to crank posi- 
tion A By and the lap on each side of the port »■ H D » F O. 
Whether the eccentric be placed at A D or A F depends upon the 
presence of rocking levers, dec. When the piston is in its extreme 
position the piston valve must cover the port by the amount of lap 
as found above, and be moving in the opening direction, so as to 
uncover the port at the right point ; hence when the piston valve 
is directly driven the eccentric wiW /olhw the crank. 
This compressor lends itself very conveniently to a two-stage 
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arrangement driven by a fcrunk of two diameters, and the illustra- 
tion (Fig. 214) shows a section through the valve chambers of a 




belt-driven machine. The arrows indicate the direction of the flow 
of the air and the movement of the valves and piston. 

This gear is made by Messrs. W. H. Bailey k Co., Ltd., Salford, 
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under the Koster patents. The external appearance of the com- 
pressor is well shown by the accompanying iUastration of a single- 
acting two-stage machine driyen by tandem steam cylinders, and 
Fig. 216 is a drawing of the same engine. 

Unloading^ Devices* — It has been mentioned on a previous 
page that positive valve compressors are best adapted for working 
at a constant pressure, and with this type an unloading device 
becomes an important adjunct. It also prevents waste of power 
by automatically 

cutting out the (^ W 217, 

compression when 
the maximum air 
pressure is reached, 
thus preventing the 
compressor blow- 
ing out the air 
through the safety 
valve on the re- 
ceiver. There are 
several methods of 
unloading. One 
good method is to 
hold open the suc- 
tion valve, which 
will relieve the 
compressor of all 
load except that 
necessary to draw 
in and expel the air 
through the open 
valve. Another 
plan is to hold 
the delivery valves 
open. This admits 
air at receiver pres- 
sure to both sides 
of the piston, which 
is thus put in equi- 
librium and re- 
lieved of load. In 
steam-driven com- 
pressors, when the 
load is thus thrown off, reliable means must be provided to 
prevent the machine racing, but the speed must not be reduced 
to such an extent as to allow the machine to stick on dead oentre. 

The easing gear shown in Fig. 217 is suitable for belt or gear- 
driven compressors with automatic valves. The hole A is con- 
nected to the delivery pipe of the compressor, and when the 
pressure exceeds the desired point the spring-loaded diaphragm 
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lifts and allows the small spring to open the pin valve B. This 
admits air to the underside of piston Q, which is connected to the 
suction valve of the machine. The lifting of G keeps the suction 
valve wide open on both forward and backward strokes, and the 
air is simply churned to and fro. The object of the valve F is to 
allow the piston G to fall after the pin valve has closed. F ia 
regulated so that when B is open air cannot escape as quickly as it 
enters through the pin valve, and pressure, therefore, accumulates 
under G. After B has closed, however, the escape continues 
through F, and allows G to descend, and the compressor to com- 
mence work. By arranging a bye-pass from the pipe connected 
to A to the cylinder in which the piston G moves, the snctioii 
valve may be lifted at starting, thus enabling the machine to 
start without load. When full speed has been attained this 
bye-pass can be closed, and the compressor will assume its working 
cycle. 

In the case of steam-driven compressors supplying air for rock 
drills an air governor is often applied in connection with the 
usual speed governor. The air pressure controls the speed of 
the machine so as to maintain a fairly constant receiver pressure, 
and at the same time the speed governor prevents racing. It is 
also advisable to provide means of preventing the compressor 
stopping by the action of the air governor. 

Fraser ft Chalmers' Alp Governor. — The air governor made 

by Messrs. Fraser & Ohalmers fulfils the above conditions, and 
its action will be understood from the illustrations and description 
here given. It is specially designed for compressors supplying air 
to rock drills. The bottom of the dashpot chamber K (Fig. 218) 
is in communication with the air receiver and acts upon the 
underside of the plunger Q, against the tension of the adjustable 
helical spring. The plunger is connected by linkwork to the 
dashpot H. The chambers are filled with oil from a supply pipe 
W, which acts as a resistance to the dashpot plunger H, and 
gives a steady action to the governor. The connection between 
the plunger Q and the governor trip levers will be traced from 
Fig. 219, and also by Fig. 220. 

The total lift of the governor sleeve, which is 3 inches, may be' 
divided into three distinct periods as follows : — 

First Period, — During the first | inch of the sleeve's lift the 
governor has to work against the dead weight of the springs and 
spring-box, drc., only no spring compression takes place during 
this period, and the range of the speed of the engine is from zero 
to, say, 20 revolutions per minute. 

Seccind Period, — ^During this period, which embraces a sleeve 
lift of 1§ inches — that is, until it is ^ inch above its central position 
— the lower spring is being compressed and the speed of the engine 
increases from 20 to 50 revolutions per minute. 

Third Period, — When the sleeve is \ inch above its central 
position the internal shoulder of the lower spring box oomes in 
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contact with the shoulder on the upper spring sleeve, and during 
the last inch (or third period) of the sleeve's lift the upper spring 
is being compressed, and the engine speed increases from 50 to 

80 revolutions per minute. The 



Fig. 218. 




advantage gained by having the 
first period of the sleeve lift is 
in preventing the nuisance of 
the engine continually stopping 
when only a small quantity of 
air is required by the drills. To 
obtain this advantage to the full 

Fig. 219. 




the following two conditions are essential : — (1) The tension spring 
in the air governor (see Fig. 220) should be adjusted so that the 
air plunger commences to rise exactly at the pressure at which it 
is desired to work; (2) the relief valve on the air receiver should 
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be set to blow off at 8 lbs. aboye this working pressure. Now, 
■upposing all the work is shut off, the engine will oontinne to 
ran at a speed which will gradually decrease as the air pressure 
rises. Supposing the speed to decrease until the governor sleeve 
is just at the top of its first period of lift the engine should now 
be running at about 20 revolutions per minute, and the small 
amount of air being compressed will be blown through the relief 

Fig, 220. 




valve. The engine will be prevented from stopping by the finel 
that if it slows down below 18 revolutions per minute the 
governor sleeve will quickly drop | inch, and thus considerably 
increase the cut-off. Another advantage is that when the governor 
sleeve is at the top of its second period of lift a further increase 
of 10 revolutions per minute in the speed of the engine will 
bring the sleeve to the top of its lift, thus cutting off steam at aeio 
and preventing the engine from racing. 
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PUMP VALVES. 

COKTBNTS. - GeDeral R6mark»— The Common Clack Valve— Velodty of Water 
— High-BUcUon Lifts— Lift of Valves— Airancement of Valves— Spring- 
loaded Valves— Double-beat Valves— Multiple-ported Valve— Shooks— 
Hish-pressure Hydraulic Valves - Flexible Valves— Disposition of Valves 
—Valve Qrids— Dermatine Valves— Leather Valves— Reflux VaWes— 
Haste Valve. 

General Remarks. — An automatic valve is one that is opened by 
the fluid which passes through it Such a valve controlled by a 
fluid subjected to a pumping action should open with little resist- 
ance, it should close rapidly, and should afford sufficient area of 
opening for the easy passage of the fluid Unfortunately, the 
qualities which conduce to easy opening are antagonistic to rapid 
closing, and most designs are a compromise between these two 
considerations. The direction of the motion of the fluid should 
not be greatly altered when passing through the valve, and there 
should be no sharp corners or flat surfaces on which the fluid may 
churn or impinge. 

The Common Clack Valve. — Various forms of the common 
clack valve are illustrated in Figs. 221 to 225. The angle of the 
seat is usually 45^ and the width of the face depends on the pres 
sure and the size of the valve. The narrower the seat the more 
easily is the valve made tight. On the other hand, a seat that is 
too narrow will not stand the pressure and the hammering action. 
For pressures up to 400 lbs. per square inch the width of the seat 
measured in a horizontal or vertical line may be ^ inch for valves 
from ^ to 1 j^ inches diameter, increasing proportionally to ^ inch 
for valves of 6 inches diameter, which is about the limit for valves 
of this type. The taper of the seat in the valve casing is usually 
1 in 16 on the diameter. Referring to the illustrations. Fig. 221 
shows a common form of clack, which is guided in its seat by three 
wings, and the lift controlled by a set screw. In Fig. 222 the 
valve is of an improved shape for the easy passage of water. In 
both types the wings should be feathered as shown to reduce fluid 
friction. Yalves of this type are said to be fully open when the 
lift is one-fourth the inside diameter of the seat This would be 
true if there were no wings ; but in making calculations for the 
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area of passages through the valve allowance should always be 
Fig, S2t Fig. 222. 





made for the wings which diminish the area of passage some 15 per 
cent, of the full area through the seat. The next figure illustrates 
a clack valve with slanting 
wings which give a twisting 
movement at each pulsation. 
This action gives a more uni- 
form wear on the seats and 
prevents grooving. The type 
shown by Fig. 224 is guided 
by a central spindle fitting into 
a bored hole in the central boss 
of the seat. This design is in- 
ferior to the wing type. The 
boss, spindle, and wings ob- 
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struct a larger percentage of passage than the wings, and the 
machine work ou the valve and seat is greater. The ball clack 
is shown by Fig. 225. This forms a very satisfactory type, and 
considering the cheapness of brass and steel balls it is somewhat 
strange that it is not more widely adopted 

Fig. 226. 




Veloeity of Water.— With respect to the best velocity of 
water through the valves it may be said that the lower the speed, 
the better. A low speed entails large valves; but large valves 
increase the price of pumps to a greater extent than would be 
expected on first reflection^ Apart from the extra weight of 
brass in the valve and seat, and the machining thereof the valve 
chamber is proportionally increased, as well as the size of the hand 
hole covers for access to the valves. It is therefore necessary 
when deciding this matter to have regard to the class of pump for 
which the valve is intended. A cheap commercial pump for low 
lifts may have a calculated maximum water velocity of 12 feet 
per second through the valves, whilst many high duty pumps of 
large size have a maximum water velocity through the valves not 
exceeding 2 feet per second. 

Higrh-Saetion Lifts. — ^When the suction lift is high special 
attention is necessary in designing the suction valves and passages, 
or there will be a probability of the pump failing to obtain a full 
intake of water. It is well known that the velocity with which 
water will flow under a given head is shown by the expression 
8 fjhl Now if the suction of the pump were only equivalent to 
a difference of, say, \ lb. above the pressure corresponding to the 
height of the suction lift, reckoning in resistance of valves and 
friction in pipe, the wa ter cou ld only flow into the pump chamber 

at a velocity of 8 \-?rT^ " 8*584 feet per second ; and the 

passages and valve areas would require to be large enough to pass 
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the water at a speed something less than the above, as a maximum, 
or the pump would fail to deliver the full volume. 

Lift of ValVOS. — Another matter that is largely decided bj 
commercial considerations is whether a large valve or series of 
valves having a small lift should be emj^ojed, or a small valve or 
series of valves having the maximum lift of about one-fourth the 
diameter. Putting aside questions of cost a small lift is most 
desirable, and for high speeds and pressures is essential for efficient 
working. It is impossible to lay down hard and fast rales for the 
lift of valves under various conditions, but the following table may 
be useful as showing the average state of things met with in actoal 
successful work : — 



Diameter of 

Valve 
in Inchei. 


Pressure 

inLbe. 

per Square Inch. 


Baato 
per Minute. 


Lift 
inlnchea. 


2 
3 
3 

!* 

4i 


200 
100 
40 
60 
150 
20 
60 
80 


60 
75 
35 
40 
50 
100 
40 
30 


A 

i 

f 



It is advisable to provide adjustment to the lift of pump valves, 
and this is conveniently obtained by a screw through the cover of 
the valve chamber, as in Fig. 221. The lifb can then be regnU^ed 
to give the best working result, a matter that can only bo 
ascertained by actual trial. 

The speed at which valves will work depends on their weight 
per unit of area. The heavier the valve the quicker it will seat, 
but at the same time it will offer increased resistance to the water. 
Sometimes springs are used to assist rapid closing, and in their case 
the valve itself should be as light as is consistent with strength. 
A spring, however, is harmful in preventing a free opening on the 
suction stroke, the effect of which is noticed on a succeeding page. 
The ideal valves for a quick-running pump would open without 
any greater resistance than their own weight, but would be 
assisted in closing suddenly at the exact instant by a spring or 
by tappets. 

Arrangement of Valves. — The arrangement of the valves in 
the suction and delivery chambers with respect to the position of 
the suction and discharge branches is an important matter, because 
the valves are liable to be held up from their face if they are 
exposed to side currents. Referring to Fig. 226, the first diagram 
illustrates a delivery clack in which the water rushes sideways 
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Fig. 226. 



i: immediately on escaping past the seat. The probability is that 

such a valve would not work satisfactorily unless the number of 
f pulsations were very small. The rush of the water would tend to 

r press the valve to one side, and on the suction stroke of the 

i plunger the valve would fail to seat. The correct arrangement is 

{ shown in the second diagram where the water rises vertically after 

[ passing the seat, and on the suction stroke any reflux accelerates 

: the closing of the valve. 

For large pumps with high pressures of, say, 300 lbs. per square 

inch, where more than one suction 
and one delivery valve are re- 
quired, these valves should each be 
placed in a separate pot chamber 
instead of grouped together in one 
common chamber, and each valve 
should be accessible by removing 
a small cover. This design keeps 
down the size of the chambers, 
and they can be made strong 
enough to resist the heavy pres- 
sures and shocks without emploving 
excessive thickness of metal. Also» 

Fig. 227. 





by this design, the pump end is built up of small sections, and a 
fracture in one part does not entail the renewal of the whole pump. 
Spring-loaded Valves. — In some pumps, particularly those 
for boiler feeding which are driven from the main engine against 
high pressure, it is difficult to prevent shocks and banging with 
ordinary clacks. As usually arranged, the number of strokes of 
the pump is necessarily the same as the engine strokes, and unless 
the clacks have considerable lift the velocity of the water through 
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the valyes is higli. A large lift is not oondacive to quiet ranning, 
for the valves are driven against the stops with a hammering 
action, and remain in their topmost position until the planner has 
commenced another stroke, when they descend with great violence. 
Spring-loaded valves are desirable in such cases, since they limit 
the lift of the valve exactly in accordance with the speed of the 
water passing through, and the valves are closed promptly without 
a hammering action. If the action of a *8pring-loaded clack could 
be observed, it would be found that when tiie plunger Telocity was 
greatest the valve would have its greatest lift, and would gradually 
descend as the plunger reached the end of the stroke; thus avoiding 
injurious slamming action. A type of spring-loaded valve is shown 
in the accompanying figure. It is designed so that, in the event 
of the spring breaking, the valve will not be carried away by the 
water. 

Double^beat Valve.— The double-beat clack is adapted for 
higher pressures and larger 
sises than a single clack. 
For a given opening the lift 
is much less, a matter which 
has a great influence on the 
working of heavy pressure 
pumps. The accompanying 
figure illustrates a type that 
is frequently used in large 
pumps supplying towns' 
water, and for other impor- 
tant services. Both valve 
and seat are of gun-metal, 
and the core space is filled 
up with lead to ensure 
prompt closing before reflux 
takes place. Although this 
weight causes a little resist- 
ance against the water on 

the suction stroke it Ib of great value in preventing shocks in the 
rising main. Consider the case of a pump delivering into a rising 
main 300 feet in vertical height. As the pump delivers, the whole 
body of water in the main is put in motion. When the bucket has 
reached the end of the stroke and begins to return, unless the 
delivery valve has dosed, the whole of the water in the main will 
descend until the delivery valve closes, when it will be suddenly 
checked, and the eflect of such a large volume of almost incom- 
pressible matter being brought suddenly to rest may be easily 
imagined. When weighted valves are used they dose slightly be- 
fore the stroke is quite completed, and thus prevent any leflax 
action in the rising main. Air vessels render water hammers in 
the rising main less violent, but a prompt valve action is also very 
effective in mitigating their intensity. 
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Reverting to the illustration, it may be mentioned that the rios 
are feathered to offer little resistance to the water. The seat is 
driven into a taper barrel which is smeared with a thin coat of 
red lead. The spindle is usually made of delta metal to prevent 
corrosion, and the forged ring is for the purpose of withdrawing 
the valve and seat. The delta-metal nut securing the spindle 
should be effectively secured against slacking back. A good 
method is that shown in the figure, which consists of a steel 
ootter partly recessed in the nut, split at the thin end, and opened 
out. It will be noticed that the collar on the spindle forms a stop 
to limit the lift of the valve, and it is important that the part 
of the valve which strikes this collar should be rounded as shown, 
to prevent spreading of the metal, due to the valve striking the 
collar, which would cause the valve to bind on the spindle. 

Multiple-ported Valve. — A multiple-ported ring valve is 
ahown in Fig. 229. It is suitable for large pumps and high 




pressures. The seat is held down by a central bolt passing through 
a sleeve in the seat which forms a guide for the valve. The design 
embodies a spring-closing arrangement, with external adjustment 
the spring serving the same purpose as the lead filling in the 
previous example. Both valve and seat are of phosphor bronze or 
gun-metaL 
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Shocks. — The severe shocks entailed when pumping throagli 
long mains are not always realised by those who have not bad 
experience in pump work, and it may he instructive to conaider ihm 
action, assuming the suction pipe, pump, and delivery maiA to be 
full of water, and the pump to l4 at work. Under these oonditioiis 
as the plunger starts on the suction stroke it is followed hy & ping 
of water in the suction pipe, which must acquire a certain, velocity 
depending on the relative areas of the plunger and suctiozi pipcu 
Now at the end of the stroke this flow ceases, and all the ^vrater 
that has passed through the suction valve has a reverse flow im- 
parted to it almost instantly. Now water being practically inoom- 
pressible this action is analogous to so much solid matter being 
concentrated in the plunger, and the effect on the moving parte is 
similar to having a plunger of great weight. The great shook, 
however, occurs at the commencement of the delivery stroke. Am 
the delivery valve opens the whole volume of water in the rising 
main is inert and may be considered as a solid plug of water. The 
whole mass of this water has to be set in motion, and the efieet 
on the plunger is similar to striking a solid body of like weighty 
whilst the shocks on the pump barrels and valve chambers are 
equally severe. In the rising main the shock diminishes towards 
the outlet^ where it is practi<»Jly niL The above action takes place 
when the pump draws in a full barrel of water, but when the area 
of the suction valves is too small for the capacity of the pump, or 
where the springs on the valves are too strong and do not allow 
the pump to take a full charge, matters become worse. At the end 
of the suction stroke there will then be a certain void, and, as the 
delivery stroke commenced, this void will be filled by the advanc- 
ing plunger before it strikes the water. Oonsequently the plunger 
will have a higher speed when the delivery valve opens. It is not 
difficult to imagine what takes place when the water in the rising 
main is set in motion. These shocks are greatly diminished by air 
vessels, but, from what has been said, it will be seen that a prompt 
valve action is very important, particularly in the case of suction 
valves. 

With regard to the air vessels it is evident that the best place 
for them is as near the pump as convenient, and it will also be 
seen that the valves should be placed as near the barrel as possible. 
It is an interesting fact in hydraulics that the shocks are more 
severe when delivering into a long main with a low head than those 
which occur with much higher pressures and short mains, because 
in the latter case the inertia of the water has little effect. 

High-Pressure Hydraulic Valves.— Figs. 230 to 233 illustrate 

various types of hydraulic valves suitable for high pressures from 
800 to 8,000 lbs. per square inch. Fig. 230 is a suction valve 
provided with wings, at the lower end of which a split pin is 
Inserted to limit the lifL The material is hydraulic metal, which 
may have a composition of 1 lb. copper, 2} ozs. tin, | oz. spelter for 
pressures up to 2 tons per square inch. Harder metal for higher 
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pressures is obtained by increasing the proportion of copper. The 
saction valve (Fig. 230) is tamed from a round bar, and three flats 
are milled or planed to form water passages, leaving turning 
portions to form the guide. The saw cut on the crown is for 
grinding purposes, and a tapped hole should be provided for the 
insertion of a screwed rod for the withdrawal of the valve. The 
material may be hydraulic metal for water, but for oil presses 
and pressures over 2 tons per square inch mild steel is generally 
used. The best angle for seat is 45^, and the width measured 
horizontally or vertically may vary from tV ^ i inch, varying with 
the size of valve and pressure, the crushing pressure on the seat 
not exceeding 3,000 lbs. per square inch. Hydraulic valves should 
be made very substantial above the seat (see dimension K, Fig. 
230) in order to resist the hammering action and the pressure, and 
in no case should it be less than ^ inch. The lower end of the 
valve in Fig. 231 is shown conical to ease the flow of water. 

Great attention should be paid to the location of the valves with 
respect to the delivery passages, so as to be out of the influence of 
side currents, as explained in a previous page. 

Various forms of high-pressure delivery valves are illustrated in 
Figs. 231 to 233. Fig. 232 is a good form, and provision is made for 
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Fig. 231. 
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twisting the valve at each pulsation by the inclined grooves in 
the guiding head. It is a common design for valves not exceed- 
ing I inch diameter. The ball valve (Fig. 233) is sometimes used, 
and is very satisfactory. It is cheaper than the other types, and 
works longer without attention. The points to watch in the design 
are that there is no possibility of the valve escaping past the guard, 
or wedt^ing in the guard in the attempt to follow the current ; and 
that the water way is not obstructed when the ball lifts from its 
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Beat The withdrawal of the valves from their chambers requires 
a special tool which may take the form of a pair of tongs 
(Fig. 234). The valve chamber must be made large enoueh to 
pass these tongs. 

Flexible Vldves.— The type of valve shown in the following 
illustrations can be made suitable for pressures up to 150 lbs. 
per square inch, and for higher speeds than the metallic valves 
previously dealt with. Such a valve is noiseless in its action, and 
can be made of large size if desired. l?ig. 235 shows the usual 
form, and the illustration needs little description. 



Fig. 236. 




The guard is perforated to prevent the rubber clinging to its 
surface. The ribs in the grids should be well rounded on the 
underside and tapered, and the top of the grid should have sharp 
comers dressed off to prevent cutting of the rubber. When these 
valves have been at work some time there is a tendency to punch 
the rubber through the holes in the grid, and to avoid this to a 
great extent the ribs in the grids may be inclined to give the 
rubber a slight twist each pulsation. This increases the life of the 
valve 100 f)er cent, or more. 

The objection to this type is that it offers too much resistance to 
opening, because half the fibres of the whole rubber are compressed 
when the valve is lifted. A very simple illustration will show 
this. If a thick disc of rubber be carried on the top of an open 
cylinder it will support a considerable weight without undue 
deflection, and this condition is analogous to that of the valve 
being forced open by water from beneath the seat. Now support 
the disc on a thin straight edge and it will yield to a very slight 
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pressure on the part of the rim remote from the support. Fig. 236 
iilostrates a valve in which the rubber is in a similar condition to 
fche disc in the second experiment. The grid should be provided 
with sloping ribs so that the bending is not on the same line every 
pulsatioD, and the central hole should be a little larger than i^ 
boss which passes through it so that the rubber is free to twisk 

Fig. 236. 




Fig. 237 shows a square or rectangular valve held Detween the 
guard and seat down one side. This design gives a free opening, 
but the bending is always on the same line, and the grids support 
the same strip of rubber each time the valve closes. Figs. 236 
and 237 are most satisfactory for air and vacuum pumps, when 
easy opening is essential to efficiency, and are much to be pre- 
ferred to Fig. 235, and are also by far the best for the suction 
valves of pumps having a long lift on the suction side. 

Fig. 237. 
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An obvious development from the foregoing type is a rubber 
valve lifting bodily from its face and closed by a light spring. 
Fig. 238 shows a good design. The seat and spindle are cas^ 
together and driven hard into a taper hole in the valve deck. A 
suitable taper is 1 in 16 on the diameter. Sometimes the seat is 
cut with a fine thread and screwed into the valve deck, or it may 
be held down by a cross-bar and bolt similar to that shown in 
Fig. 236. The spring is phosphor bronze and may have a streng^ft 
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of ^ lb. per square inch of area through the grid when the valve 
is oioeed. The spring washer and nut are also phosphor bronse or 
gun-metal, and are secured by a copper split pin. This detail is 
important, and the omission of means to prevent nuts working 
loose often causes serious breakdowns to pumps. When used in 
groups these valves are sometimes placed on a loose valve deck 
which is secured to the pump chamber by studs, bolts, or wedges 
as may be suited to the pump arrangement. With this design 
loose seats are unnecessary, the grids being cast with the deck. 
In all designs the rubbers should be removed from the influence 

Fig. 238. 




of side currents which interfere with prompt action. The nuts of 
all valves should be of gun-metal or bronze to prevent them rusting 
on the studs or bolts, and when corrosion is particularly severe cap 
nuts should be used. 

Disposition of Valves.— When rubber valves are placed in 
the buckets of high duty pumps, the problem is to obtain sufficient 
area through the bucket to keep the water velocity low. A con- 
siderable portion of the bucket area is occupied by the rim and the 
central boss for the rod, and if the valves are simply placed on a 
flat deck on the upper side of the bucket it will be found, even for 
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a low lift pump, that the total area through the grids would not be 
more than 30 per cent, of the total bucket area. Bj arranging the 
yalyes in tiers, as shown in Fig. 239, ample area is obtained. This 
design is adopted in the beam engines at the CSoventrj Water 
Works. The mean bucket speed is about 130 feet per minute, bvt 
the calculated water velocity through the valves is only 170 feet 
per minute maximum, which shows that the area through the 
valve seats is greater than the area of the pump bucket. 

In arranging the head valves of steam-engine air pumps it is 
important that the bottom of 

the overflow outlet be placed a Fig. 239. 

little above the top of the valves 
so that thej are drowned. When 
this precaution is not taken the 
valves are liable to pass air as 
the bucket descends. On the 
other hand, care should be taken 
that the outlet is not higher 
than is necessary to seal the 
valves, otherwise useless work 
and shocks will be thrown upon 
the pump. A rectangular over- 
flow branch with the long side 
horizontal is to be preferred to 
a circular branch, because it is 
better adapted to prevent a head 
of water accumiilating in the hot 
well when the pump delivers. 

Sometimes flexible valves are 
used in an inclined, vertical, 
or even an inverted position. 
When vertical or inverted they 
should be circular and held in 
the centre of the disc, otherwise 
there is a likelihood of their 
hanging from their seat. The 
seat should also be concave so 
that the rubber will not fall 
away from the face. The com- 
monest examples of inclined 

valves are found in the foot valves of steam-engine vertical air 
pumps. I'heir usual shape is rectangular, the rubber being held 
along the top edge between the guard and the seat or grid which 
is secvired in position by wrought-iron wedges. Inverted valves 
are Hotfietimes found in the horizontal air pumps of steam engines. 

Valve GridS.--The spacing of the grids for flexible valves is 
perhaps^ the only matter of design which needs comment. The 
object to be sought is to eflFect a judicious compromise between the 
bw tnUial cost and great durability of the valves. Narrow riba, 
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'widely spaced, give more area of passage for a given siae of Talve, 
this involves smaller valve chambers, baud bole covers, guards and 
seats ; but narrow ribs and wide spacings do not conduce to valve 
durability. It has been the custom of several firms with whose 
practice the writer is acquainted to make the spacing for grids of 
air-pump valves not more than 1^ inches square. The maximum 
unbalanced pressure in such cases may be taken at 25 lbs. When 
the holes are rectangular they may be longer than 1^ inches, 
provided the width does not exceed 1^ inches. Having designed 
the spacings on these lines the thickness of the bars was decided 
chiefly by questions of moulding, but no rubber was allowed to 
have a bearing pressure on the grid exceeding 300 lbs. per square 
inch, so that taking a pressure of 25 lbs. as being the maximum, 
the bearing area was never less than one-twelfth the total area of 
the rubber, and often considerably more. The thickness of the 
rubbers varied from } to 1 inch. 

Dermatine Valves.— When a valve of the type shown by 
Fig. 238 is used flexibility of the material is no longer essential. 

Fig, 240. 




and accordingly compositions are frequently used which are harder 
than rubber and better able to resist high pressures and oily water. 
Dermatine has been found to answer very successfully. Being 
harder than india-rubber it is better able to withstand high pres- 
sures, and it has also valuable heat and oil resisting qualities 
which are essential for some services, notably for the valves of 
air pumps working in conjunction with surface condensers. The 
hardness of dermatine renders it liable to cutting by sharp edges, 
and consequently the grids should be carefully rounded off on the 
top face. Inclined srids on the grating are also to be strongly 
recommended in order to distribute the wear over the whole 
surface of the valve. In the matter of spacing for the grids the 
makers recommend that for air-pump valves, the width between 
the gratings should not exceed li inches at the circumference or 
widest part, as shown in the accompanying sketch at A. When 
the valve is of large size this shape of grid is impracticable, and 
the form shown by B in the sketch is usually adopted. 
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PUMP TALTXB. 



Leather Valves. — Leather is gmenJlj aaed for retainer Talyes 
for suction pipes, and for low lift sewage pamps and pumps ^<Wling 
with grittj water. Fig. 241 illustrates a common form of retainer 
Talve with flare moath suction pipe. The leather is strengthened 



Fig. 241. 



/7g. 242. 




on both sides bj wroaght-iron plates and nipped between the 
flange of the mouthpiece and a wronght-iron plate. This design 
gives a passage unobstructed by grids, and grit does not damage 
the faces, but it is open to the objection that the continued bending 



Fig. 248. 




of the leather may crack it. Where the water is not very gritty 
and the suction lift is high the type shown by Fig. 242 is better, it 
opens more easily and is more durable. When used as a suction or 
delivery valve this class may take the form shown by Fig. 243. 
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Here the seat is loose and placed in the yalye chamber with the 
yalve attached, and secnred in position by wronght-iron wedges. 
The stop to restrict the lifl is cast with the coyer, the latter also 
serving to keep the wedges in position, and the joint between the 
seat and the chamber is made with sheet rubber, there being no 
machine work on the grid or inside the yalve chamber. For large 
sizes, leather yalyes are osaallj made in sections to reduce the 



Fig. 244. 




lift. A common design is exemplified by Fig. 244. The bearing 
pressure on the seat of leather yalyes should not exceed 600 lbs. 
per square inch. 

ROuUX ValVOS* — A retention or reflux valye of large size and 
for a fairly high pressure is shown by Fig. 245. Such yalyes are 
placed in the deliyery main of important pumps, as near to the 
deliyerj yalyes as conyenient, and their object is to arrest any 
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PUMP VALVES. 



reflux of water in the mains in case of failure of the pomps. In 
the present example the main is 24 inches diameter, and the 
pressure 80 lbs. per square inch. The valve consists of a well- 
ribbed cast-iron plate, hinged on a spindle carried in two wedged 

Fig, 946. 




blocks fitting into the valve casing. The valve hinges are bushed 
with brass and the spindle is prevented from turning by a pin 
through one of the wedge blocks. The valve facing is a ring of 
gun-metal pinned to the valve bj gun-metal countersunk screws. 
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The seat is a similar ring let into the casing and secured like the 
vaWe facing. In this example the seat is 1^ inches wide, which 
C^ves a bearing pressure of 400 lbs. per square inch on the seat 
^when the YalYe is closed. A much greater pressure might be al- 
lowed, but in this example the width is decided by the |-inch screws 
which secure the ring. It will be noticed that the valve chamber 
is enlarged to give ample water passage when the valve is open. 
T^hen fully open this valve would hang with about 6 inches be- 
tween the faces on the line AB, and when in this position the 
passage between the valve disc and the casing should at no point 
be less than the width between the faces at the same part of 
the valve. When this point is neglected varying velocities of the 
passing water are obtained, and although the total area between the 
disc and the casing may be quite equal to the area past the valve 
faces, the results will not be so good as when the water flows past 
in a uniform stream of constant velocity. 

** Haste'' Valve.— The next figure shows the Haste patent 

Fig. 246. 




valve. The features are the simplicity of the valve itself, the 
almost straight flow of the water in passing through the valve, and 
the large area of the opening. The valves are sometimes made of 
oast iron and sometimes of dermatine. The valve is shown full 
open and bearing against the stop which is shaped to ffive an easy 
flow to the fluid, and the central hole in the stop destroys the 
vacuum which would otherwise be formed as the valve seatedi 
supposing it possible for seating to take place. 
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26 €HAHLK8 QRIFFIN A CfO.'S PUBLICATIONS. 

Fourth Edition, Revised^ with Numtrom Diagrams^ ExampUs^ amd 
Tables^ amd a Chapter am Fpumdatism, In Large Sw. Chik. i6f. 

THE DESIGN OF STRUCTURES: 

A Praetleal Treatise on the Building of Brldses^VRoofs, Ac 
By S. ANGLIN, C.E., 

liaalar of lagineerinc. Royal Univtetsity of Ireland, late Whhvocth Scholar, ftc. 
"Wo can aakentatiiigly veoommend d&is woik not only to the 8tnd<nit, aa the hbt 
Tkrr>BoOK on tho tul^ect, but alio to the profesaonal engineer as an 
TALUABLB book of reference. "— If mAmmm/ WtrUL 



In Large Crown 8vo. Handsome Cloth. With 201 Ulnstrations. 63. net. 
AN INTRODUCTION TO 

rriiE: ]>esion of ssjhlius, 

GIRDERS, AND COLUMNS 
IN MAOHINES AND STRUCTURES. 

With Szamples in Oraphio Statlos. 

By WILLIAM H. ATHERTON, M.Sc., M.I.Mboh.R 

"A yery uaeful souroe of Information. . • . A woik which we commeiid rmj 
highly."-^atur«. 



Third Edition, Tkermtghly Revised, Reyal 8e«. WUk 
Hhuiraiiem and 13 LUkograpkic Plates, Handsome Cloth. Price aor. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Constraetlon of Bridges In Iron and Stetf . 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND EN8INEERS. 

By T. CLAXTON FIDLER, M.Inst.CEL. 

Pro£ of Engineering, Univemty College, Dundee. 

"The new edition of Mr. Fidler's work will again occupy the same coMsrxcaous 
POSITION among professional text- books and treatises as has been accorded to its pre- 
decessors. SoutfD, siMPLB, AND FULL."— 7A« Engineer. 



In Medium 8tw. Pp. i-xv + 248, fully Illustrated. Price lar. 6eU net. 

GONSTRDGTIONAL STEELWORK: 

Being Notes on the Ppaetical Aspect and the Prlnolples of Design, together 
with an Aeeount of the Present Methods and Tools of Manuhustore. 

By a. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

" A worthy volume, which will be found of much assistance. ... A book W 
particular value." — Practical Engineer. 

lONDOH: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND- 



ENOINBERINQ AND MBCHANWa. 27 

In Large 8yo. Handsome Cloth, Oilt, Unifonn with StaJMUy of 8hip9 

and 8ted 8fUp9 (p. 38). With 34 Folding Plates and 468 

lUnstratlons in the Text. 30i. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.R, AssoaM.lNsr.C.a, 

Of the Engineen' Department, Meney Docks and Harboor Board. 
GENERAL CONTENTS 

Historical and Disoursive. — Dock Design.— Constructive Appliances. ~ 
Materials.— Dock and Quay Walls. — Entrance Passages and Locks.— 
Jetties, Wharves, and Piers.— Dock Gates and Caissons.— Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks.— 
Working Equipment of Docks.— Indbx. 

"We bare never leen a more profiuely-Ulattrated treatise. It is a most Impoitaat 
sMBdard woric, and ihoold be in the hands of all dock and harbour engineers."— .SlaaiMfci^ 

" Will be of the greatest senrice to the expert as a book of reference."— .Vn^rfneer. 



Fourth Editiok. In Two Parts, Pablighed Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 



BY 



SIDNEY H. WELLS, Wh.Sc, A.M.I.aE., A.M.LMbch.R 

Vol. I. — ^Pbactioal Gbombtrt, Plavb, and Solid. 48. 6d. 
Vol. II. — Maohini and Bnoihb Deawivo and Dbbion. 4s. 6d. 

With wumy lUuttraUonSf ipeaaUjf preoar^d fnr the Wcrk^ <md tmmtnm 

BxampU»t/or the Um ofStudenU m Ttehmcal SehooU amd OMgee. 

** A oAPnAk fizv-BOOK, arranged on an sxosLunv srstSM* ealenlated to giteaa IntsIHgsiit 
fTMp of themilileot. and not the mete faculty of mechaDleal oopTlag. ... Mr. Wells shoiTB 
how to make oomLara woBXimhoaAWisss. disensstng toSXj each step In the rtuslfn " Wiifi isal 



In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

By LIONEL M. HOBBS, 

Engineer-LioQtenant, B.N.; Instmctorin Applied Meohanles and Marine Engine 
Design at the Boyal Naral College, Greenwich. 

C0NTKMT8. — Laws and Principles of Thermo- Dynamics. — Hot- Air 
Enrines.— Qas and Oil Engines. — Kefrigerating Machines. — Transmission 
of Power by Compressed Air.— The Steam Engine. — Unresisted Expansion 
snd Flow through Orifices. —Flow of Gases along Pipes. — Steam Injectors 
and Ejectors.— Steam Turbines. —Appendices.— Indbx. 

** The whole tuhlcct hms been rery methodically dealt «lth throoirhont. ... A standard 
reference.'— Piorfieoi Kmrinftr. 

LONDON: CHARLES 8RIFFIN « CO.. LIMITED, EXETER STREET, STRAND 
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28 0HARLB8 ORIFFIN A CO.'S PUBLICATIONS. 

In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A TrMitiM on the Prlnolples of Constpuction of the Steam Tuplnitep 
with Hlstopfeal Notes on its Development. 

By ALEXANDER JUDE. 

- CoNTBNTS —Fiindamental.— Historical Notes on Turbines.— The Velocity of Sseam. — 
Types of Steam Turbines.— Practical Turbines.— The Effideocy of Turbines, Type I- — 
Trajectory of the Steam.— Efficiency of Turbines, Types II.. III. and IV.— Turfcine Vaaes.— 
Disc and Vane Friction in Turbines.— Specific Heat ot Superheated Steam. — Stz«i^tli 
of Rotating Discs.— Governing Steam Turbines. — Steam Consumption of Turbines.— -The 
Whirling ol Shafts.— Speed of Turbines.— Indsx. 

" One of the latest text>books . . . also one of the best . . . there is absolsxeiy 
no padding." — Sir JVilliam H^kiU in the Timts Engineering Supplement. 



In Large Crown Sva Handsome Cloth. With 131 Illustrations. 6a. neU 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in the University of Glasgow. 
"This Is the best popular work on the marine steam turbine which has yet appeared,'' — 

Works by BRYAN DONKIM. lI.Inst.C £., ll.Inst.lleeh.E., Ae. 

Fourth Edition, Revised and Enlai^ed. With additional Illustrations. 

Large 8vo, Handsome Cloth. 25s. net. 

A TREATISE ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mkch.E, 

Contents.— Part I.— Gas Engines : General Description of Action and Parts. — 
Heat Cycles and Classification of Gas Engines. — Histoiy of the Gas Engine. — The 
Atkinson, Griffin, and Stockport Engines. — The Otto Gas Engine. — Modem British Gas 
Engines. — Modem French Gas Engines. — German Gas Engines.— Gas Production far 
Motive Power.— Utilisation of Blast-furnace and Coke-oven Gases for Power.— The Theovy 
of the Gas Engine. — Chemical Composition of Gas in an Engine Cylinder. — Utilisation oC 
Heat in a Gas Engine. — Explosion and Combustion in a Gas Engine. — Part II. — 
Petroleum Engines : The Discovery, Utilisation, and Properties of Oil.— Method of 
Treating Oil.— Carburators.— Early Oil Engines.— Practical Application of Gas and OO 
Engines.- Part III.— AIp Engines.— Appknuicss.—Indbx, 

"The best book now published on Gas. Oil, and Air Engines."- i?»/Mr«r. 

In Quarto, Handsome Cloth. With Numerous Plates. aSs. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.CE. 

General Contents.— Classification of Different T^pes of Boilers.— ^5 
English and Foreign Boilers with thiKir Heat Efficiencies shown in Fift 
Grates of Various Types.— Mechanical Stokers.— Combustion of Fuel in 
mission of Heat through Boiler Plates, and their Temperature. — Feed Water Hcttex% 
Superheaters, Feed Pumps, &c.— Smoke and its Prevention.- -Instruments used in Testiiig 
Boilers.— Marine and Locomotive Boilers.— Fuel Testing Sutions.— Discussi<m of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locoaiotivv 
Boilers.— Appendices.— Bibliography.— Index. 

** ProlMbiy. the Mon sxBAonriva rejvmtf that baa ever been ooUeoted. A PBAonoAi 
Book by a thoroughly practical man."''/r<m and Coal Tradu Revitw. 

lONOON: CHARLES QRIFFIN A GOm LIMITED. EXETER STREET, STRAND, 



ENGINEERING AND MEOHANiOS. 29 

Fourth Edition, Revised. Pocket-Sue, Leather, 128. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Haitbboox ov Ritlis, FoBMtn^ Tablu, fta, BXLATiva «o Matb&ial, 

SaAXTLDfos, AND PBHsmuB, SAnoT Valvu, SnUVfiM» 

VITTING8 AND MOITNTINOS, Aa'^ 

FOR THB USE OF ENGINEERS, SURVEYORS, BOILBR-MAKERS, 
AND STEAM USERS. 

Bt T. W. TRAILL, M. Inbt.O.R, F.E.RN., 

Late Bnfftaiecr Burrefoi^tn-Ohlef to the Botrd of Tnd«. 
*« OonUina »ii SnoftMom Qqarrt or Iwro^uknon umiived In m rery oonrMilent form. . . . 
A MOOT jnMtVh TOLDMi . . . MipplTliig lofoniutlon to be hftd nowhere else."— 2%< Engimm-, 



Fifth Edition. Large Crown 8vo. With numeroiu 
IllostratioiiB. 6e. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers and Offloers In the Royal Navy and Mepcantile 

Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGB, R.N., A.M.I.C.R 

CkmttnU.—QeatBnl Deeorlption of Miuine Mjbohinery.— The Condltione of SenrlGe«nd 
Datlee of Enginaers of the Boyal NftTy.— Entry and Conditions of Serrioe of Bnglneore of 
tiM Leading S.8. Companiee.— Baleing Steem— Dnttee of a Steaming Watoh on Knginee 
and Boiiere.— Shntting off Hteam.— Haibonr Dnttee and Watohet.'AdJnBtmenta and 
Braain of Bnginee.— Preeenration and Bopalra of •'Tank" Boilert.— The Hnll and He 
fntlngi.— Oleaaingand Painting Machinery.— Beolprooatlng Pnmpe, Feed Heateri, and 
Antomatio Feed- water Regnlatora — ETaporaton. ~ Steam Boats. — Electric Light 
Machinery.— Hydranlio Machinery.— Air-Oompreeeinf Pnmpe.~Befrigerating Machlnea. 
—Maehineiy of Deetroyera.— The Management of wator-Tnbe Boilen—Beiralationa for 
Entry of Aeeletant Engineers, B.N.— Qnestlons given in Examinations for Promotion of 
Caglneers, B.N.— Begnlations reepeotlng Board of Trade Examinations for Engineers, Ae. 

**Th]s TRXT usxvcL BOOK. . . . IixuvnuTiom are of gkxat mroKTAiroB In a work 
of this ktaid, and It Is satisfactory to find that sncuL ATTBrnoH has been glren In this 
respect. "—Anrtfiecr*' Oatetu. 

Fourth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illuatratione. Price lOs. Gd. 

VALVES AND VALVE -GEARING: 

A Practical Text-bock for the use of Engineers, Draughtemen, and Students. 
By CHARLES HURST, Practical Draughtsman. 

Part I.— Steam Engine Valves. | Part in.—Air Compressor Valres and 

Part II.— Oss Engine Valves and Gearing. 

Gears. | Part IV.— Pnmp Valves. 

'*Mb. Hubst's va&vxs and vaivb^babxho will prove a very valuable eld, and tend to the 
pradootion of Bnglnei of soissnnc nwuQV and ■oosomioa.& woaxiva. . . . Will be largely 
■ought after by Bwdents and Designers.**— JToriiM Ai^teMr. 

** As a practical treatise on the sabject. the book stands without a rival*'- JfMtaaka/ 
World, . 

Milts on MMiin infftM Deslvn and Gomtruotlon. By Chablu 
Hurst, ** Author of Valves and Valve Gearing.'* Seoond Edition, 
Revised. In Paper Boards, Svo., Cloth Back. Illustrated. Prioe 
Is. 6d. net. 

OoNTXHm— L Steam Pipes.— IL Valves IIL OyUnders.— IV. Air Pomps sad Con- 

dsniers.->V. Motion Work.-VI. Crank Shafts and Pedestala— VU. Valva O^r.-YHL 
Lobdcation.— IX. Misoellaneons Details — Ibdbx. 

*' A handy volaroe which every practical yoang engineer shosJd posssss.**— 2%< Mpdtt 

LONDON: CHARLES aRIFFIN * CO.. LIMITED, EXETER STREET. STRAND. 



50 0HARLB8 QRIFFIN S C0.*8 PUBU0ATION8. 

SiooHD BDinoN, Reviled. With nimieroiis PUtae redvoad froD 
Working Drawings and 280 Illuifcnktione in the TezU 21a. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetleal Text-Book for the Use of Engliie Builders. 

Desdigners and Draughtsmen, Rauway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.CK. 

With a Beotion on Amerioan and Continental Bnginaa. 

By albert p. RAVENSHBAR, B.Sa, 

Of Hli MajastT'a Patent Offloe. 

CoNteiiif. -> Hittorieal IstrodQcdon, 1763-1868 Modarn LooomotiTea : 

Modsrn LooomottTBt; Componnd. - Frimftry Gonalderfttion in LoeomoClve 

C/llnden, Steam Ohette, and Stalling Bozee.— Pistona, Piston Bods, Oroariiaadft, 

Sude Bers.— Connecting and Gonplinx Bods.— Wtaeela and Axles, Axle Boxes, Hofni1iiioeii& 
and Bearlnjff 8prings.--Balaneing.— ValTe Qear.—Slide Yatyes and Yalre Gear Decsils.— 
Pramlng, Bofffea and Axle Traeks, Badial Axle Boxes.— BoUenL—Smokebox, Blast Flpa. 
Firebox Fittibgs.— Boiler Monntlnn.— Tenders.- Bailway Brakes.— Labrieatian.- Gob- 
sumption of Fuel. STsporation and Engine fiflicieney.— Ameriean Loeomotivea — Coo- 
tinental LooomotiTes.— Bepslrs, Banning, Inspection, and Benewals.— Three Appeaidieea 
—Index. 

"Tlie work oomnra aix that oav bb lkaxmt from a book upon snob a sabfeetL It 
will at onoe rank as thb sTAxnAsn wobk urov this xmfostast suajBcr.**— £a{ta«|f Jfagnrfas. 



In Large Svo. Fully lUuBtrated. 8s. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERNEATHNL 

Bt J. F. GAIRNS. 

COHTENTS.— Introductory.— Compounding and Superheating for LocomotiTee. — ^A 
Classifleation of Compound Systems for LocomotiveB.— The History and Derelopoaent of 
the Compound Locomotive. — Two-Cylinder Non-Automatic Systems. — Two-Qylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Foor^ 
Cylinder Tandem Systems.— Four-C>iinder Two-Cmnk Systems (other than TandemX — 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided ana Balanced Systems. — 
Articulated Compound Engines.— Triple-Expansion Locomotives.- Componnd Bad: 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.- Indkx. 

"A welcome addition to the library of the railway engineer.''— Ai^'itttrtn]^ Timu. 



In Large %vo. HaruUome Cloth, With Plates and lUtulnUwiu. 16*, 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Ih8T.0.B., 

Late Deputy-Manager, North- Western Bsilway, India. 
Contend.— DiBousnon of the Teim "la^ht Railways. **— English Railwayay 
Rates, and Farmers.-— Light Railways in Belginm, France, Italy, oCte 
European Oonntries, America and the Colonies, India, Ireland.— Roaa Trans- 
port as an altemative.— The Light RaQways Act, 1S96.— The Qaestion of 
Gauge.— Construction and Working. —Locomotives and Rolling-Stock. — Llghft 



Railways m England, Scotland, and Wales.— Appendices and index. 

'* Will remain, for some time yet, a Stahdaxd Work In everything relating to Ugoi 
Railways.**— £^'fi«er. 

'* The whole subjeot is sxhaustivxlt and PBAonoAUT oonsidered. The work eaa be 
cordially reeommended as nmisnirsABLB to those whose dntylt It to become aoqnsinlad 
w<* h opp of the prime necessities of the immediate fntara"— ItoCtwir Official CftmUU 

UNDON : GHARLE8 QRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND^ 



ENQINEBRINO AND MB0HANIC8, 31 

In Grown 8to. Handsome Cloth. Fully Illnatrated. 

PRACTICAL CALCULATIONS FOR EK6IMEERS. 

By CHARLES £. LARARD, 

A.]LIiiitO.E.. M.LMach.E.. Wh.Bih.. 
Heftd of the M •efaanical EnfineerlBf DetMrtment at the NorthMnptoii luUtate, London, B 0. 

And H. a. GOLD IN G, A.M.In8t.C.E. 

COMTIVTS.— Section I.— Contracted Methods of Calculation.— Technical Mensura^ 
tlon.— Practical Calculation by Logarithms.— The Slide Sule and its Applications.— 
Squared Paper and its Uses. Shctiom II.— Pulleys and Wheels in Train. -Speed Batlos 
and Practical Examples.— Principle of Momenta Applied to Practical Problems.— Work 
and Power.— Enemr and Speed Fluctuations.— Transmission of Work through Machines. 
—Friction and Efficiency.- Transmission of Power.— Shafting.— Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Skction III.— Temperature Scales.— Units 
of Heat.— SpeeiHc Heat.— Heat and Work.— Heat Value of Fuels,— Heat Losses in Engine 
and Boiler Plant.— Properties of Steam.— Moisture and Dryness Fraction.- 



Fuel Caloalationa— Boiler Efficiency.— Size of Boiler.— Engine Calculations.— Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and Willans 
Law.— Efficiencies, Comparative Costs of Power Production.— Commercial Efficiency. 
SsoriOH IV.- The Commercial side of Engineering.— Calculation of Weights.- Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.— Estimates.— 
Profit.- I'se of Squared Paper in the Estimating Department and to the Oeneral 
Management. 



Sixth Edition. Folio^ strongly half-bound, sis. 

Computed to Pour Places of Decimals for every Minute of Anffle 

up to 100 of Dlstanee. 

For tbe Use of Surveyors and Enfflneers. 

By RICHARD LLOYD GURDEN, 
Authorised Surveyor for the Governments of New South Wales ano Victoria. 

*«* FmhHskid witk tht C^nmrrma ^ tki Suweyors-Gtmral far New Samtk 
HTaUis ami VicUns, 

"Those who have experience m exact SuavBT-woax will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The otMnpuUtions 
viable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by aaraaBMca to but Owb Tablb. in place ol tbe osaal Fiftaea 
aunute computations requireu. Thu alone is evidence of the ssmtance which the Tables 
ensure to every user, and as eveiy Surveyor in active practice has Mt the want of soch 
assistance raw knowing of tubik publication will bbmain without THaM." 
-^ Engineer. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. . 



For Calculating Wages on the Bonus or Premium Systems. 
For Engineering^ Teohnioai and Allied Trades, 

By HENRY A. GOLDING, A.M.I hbt.M.E., 

Technical Assistant to Messrs. Bryan Donkln and Clench. Ltd., and Aaiistiuit Lecturer 
In Mechanical Bngineerinc at the Northampton Institute. London, B.O. 

" Cannot fail to prove practically serviceable to those for whom they have been 
designed."— Sootenian. 

LONDON: CHARLES GRIFFIN * CO., LIMITED EXETER STREET, 8TRAN0. 



52 CHARLB8 QRIFFIN A OO.'S PUBLICATION'S^ 

Second Edition. Large 8vo, Handaome Cloth. With. 
IlluBtrationB, Tables, kc. 21b. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrication, and on tlie 
Nature, Properties, and Testing of Lubricants. 

BT AKD 

LEONARD ABCHBUTT, F.I.C.. F.O.8., B. IL D£ELEY, lCLMech.E.. F.a.&. 

Cbemisi to the Mid. By. Go. Chief Loco. Super.. Kid. Kr- Cow 

CoNTKiflis.— L Friction of SolidB.— 11. Liqnid Friction or Visooattr. aad Pteettc 
Friction.— ni. Superficial Tension.— IT. Ttie Theory of Lubrication.— V. Labrieaata, 
their Sources, Preparation, and PropertieB.— VI. Physical Properties and MeUiods at 
bamination of Lubricants.— VII. Chemical Properties and Methods of RiairfBaSiosi 
of Lubricants.- VIIL The Systematic Testing of Lubricants by Physical and Clifiiiili el 
Methods.— IX. The Mechanical Testing of Lubricanta.— X. The Design and I«iibrieaSlOB 
o( Bsarings.— XI. The Lubrication of Machinery.— Ihdex. 

" Contains practically all thai ib knowh on the subject. D e se t ie a tbe < 
sMention of all Engineers."— JiatZwoy OJlcial OazttU. 



Fourth Editiok. VeryJvUy Ilhutrated. GfoO, 4m, 6cL 

STEAM - BOILERS: 

THBIB DSFBOTS, MANAOSICISNT, AMD OONSTBUOnOK, 
By R D. MUNRO. 

Cki^ Bnginser of the SeoUitk BoOsr Innmmee and Rngine Intp §eHo m CSoMpMsj. 

Gbnbral Contents.- I. Explosions caused (i) hy Overheating of Plate*— <s) By 
Defective and Overloaded Safety Valves— (3) By Corrosion, Internal or External — (4) By 
Defective Design and Construction (Unsupported Flue Tubes ; Unstrengthened Maanoies ; 
Defective Staying ; Strength of Rivetted Joints ; Factor of Safety >- II. CoKsneucTioM or 
Vbxtical Boilsrb : Shells— Crown Plates and Uptake Tubes— Man-Holes, Mod-Holes, 
and Fire- Holes — Fireboxes — Mountings — Manasement- Cleaning — Table of Bmsiiug 
Pressures of Steel Boilers— Table of Rivetted Joints— Snecifications and Drawii^s ot 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (fi) soo lbs. per square indi respectiwly. 

" A valuable companion for workmen and engineers engaged about Steam Boilefs, oqg^ 
to be carefully studied, and always at hand."— C^//. Guardian. 



Bt the SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hauidlx>ok 
based on Actual Experiment. With Diagram and Coloured Plate. 35. 



In Crown %vo. Cloth. Fully Illustrated. 51. wi. 

EMERY GRINDING MACHINERY. 

A Text-Boole of Workshop Ppaetiee in Genepal Tool Grinding, and the 
Design, Constpuction, and Application of tlie Hachines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 
Introduction.— Tool Grinding.— Emery Wheels. —Mounting Emeiy Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Worldng. — 
Leading Types of Machines. — Concave and Convex Grinding.— Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing.— Index. 

*' Eminently practical . . . cannot fail to attract the notice of the usen of this dass of 
lOachinery, and to meet with careful perusal." — Chem. Trad* Journal. 

LONDON: CHARLES 6RIFFIN ft CO., LIMITED, EXETER STREET, STRANG. 



i SNQINEERINQ AND MBOHANWS, 33 

In Three Parts. Crown 8vo, Handsome Cloth. Very Fully lUusUated. 

' MOTOR-CAR MECHANISM AND MANAGEMENT. 

' By W. POYNTER ADAMS, M.Inst.E.E. 

Part I.— The Petrol Car. Part IL^The Eleetrical Car. 
Part III.— The Steam Car. 



PART I.— THE PETROL CAR. 5s. net. 

Second Edition. With important new Appendix, illustrating and defining parts 
of actual cats in use. 

Contents.— Section L— The Mechanism of the Tetrol Car.— 
The Engine. — The Enj;{:ine Accessories.— Electrical Ignition and Accessories. 
— Multiple Cylinder Engines.— The Petrol.— The Chassis and Driving Gear. 
— Section II.— The Management of the Petrol Car —The Engine.— 
The Engine Accessories.— Electrical Ignition.— The Chassis and Driving 
Gear. —General Management. — Appendix. —Glossary. —Index. 

** Should be carefully studied by those who have anything to do with motors."— i4«/#- 
Wiobtie and Carriage Builder^ Journal, 



In Large 8vo. Handsome Cloth. Very Fully Ulustrated. ISs. net. 
A m ANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Deaigning, Conatruction, and Wor/ting of Petrol Motors, 

By F. STRICKLAND. 

GINERAL CoNTBHfs.— Part I. : BNau<in.—Historioa].— Power Required.— Oeneral 
Arraogemenl of BngineB.—Ignltiou.—Carburottors.— Cylinders) Pistons, Valvet, dkc.— 
Crank Shafts, Crank Chambers, Csms, Bunners, Guides, Ac— Pumps.— Flywheels. ~ 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.— 
Msrlne Motors.— Two-Cycle Motors.— Paraffin Carburettors.- Gas Producers. Part 
n.: Cars.— General Arrangements —Clutches. — Transmission. — Differential Gears.— 
Universal Joints.— Axles. — Springs. — Radius Bods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Besrings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.- Special Cars.— Commercial vehicles.— Racing Cars.— Indkx. 



RiADT Immediately. In Large 8vo, Handsome Cloth. Very Fully 
Illustrated by Platea and Diagrams. 

THE PROBLEM OF PLIGHT. 

By HERBERT CHATLKY, B.Sc.(Eno.), London, 

Xjeoiarer in Applied Meohanios Portsmouth Teohnical Institute. 

OoRTBiiTa— The Problem of Flight— The Hellz.— The Aeroplane. — The Aviplane.— 
Dirigible Baloons.— Form and FitUngs of the Airship.— AmHoicss {The PouiUtity of 
rUght, Weiffhtj A FUxibit Wing^ fhtorp of Balance, BibHoffraphy).—IXDmx. 



LONDON: CHARLES ORIFFIN « CO.. LIMITED. EXETER STREET. STRANH 
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34 OHARLE8 GRIFFIN S OO.'S PUBLIC A TIOIfA 

WORKS BY 
ANDREW JAMIESON, MLInst.CE^ M.I.E.EL. F.ILSJE, 

Fomurly Proftnor »/ Electrical Bmthutrmg^ The Glat, and W. of Stat, TtdL < 



PROFESSOR JAMIESON'S ADVAKCED TEZT-BOOK& 

In Largt Crpvm 9t». FUlly lUustraUd. 

STEAM AND STEAM-ENGINES, INCLUDING TUBBIirKS 

AND BOILERS. For the Use of Engineexs and for Students i 
for Examinatioiis. With 800 pp., over 400 lUusormtions, zi Plates, 1 
B. of E., C. and G., Questions and Answers, and all Inst. C.£. £a 
on Theory of Heat Engines, FiFTBBNTH Edition, Revised. los. dd. 
*' Tb« Bbst Book yet published for the use of Students."— favvMrr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst, C,E, Exams, in (i) Applied Mecitanks ; 
(2) Strength and Elasticity of Materials ; (3a) Theory of Stractnies ; 
(ii) Theory of Machines ; Hydraulics. Also B. of £. ; C. and G. Quesdons. 
Vol. I. — Comprising 508 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Put II.: Frictka, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appfi- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 
'* Fully maintains the reputation of the Audior.**— J^rwc^. Engineer, 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 IDii*- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydianlie 
Machinery. Fifth Edition. 12s. 6d. 
*'Wbll and lucidly writtbm/'— T*** EnghutT, 

*»* Each of the abevt volume* is compute in itse^, attd sold sepnraielj. 



PROFESSOR JAMIESON'S INTRODUGTORT MANUAIiS 

Crown 8xv. IVith Illustrations and Examination Papers^ 

STEAM AND THE STEAM-ENGINE (Elementaxy 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlaced. 3/6^ 

" Should be in Uie hands of sysry engineering Kppteaxiot.**— Practical Smtinetr, 

MAGNETISM AND ELECTRICITT (Practical Elementaiy 

Manual of). For First-Year Students. With Stud. Inst.C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6^ 
" A THOKOUGHLV TRUSTWORTHY Text-book. PRACTICAL and dear." — Naiutng. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. CE. 
Questions. Seventh Edition, Revised and Greatly Enlarged, yt. 
*' The work has vbry high qualities, which may be ooodensed into the one woeA 
*,CLBAR.* ^—Scignce aadAri. 



POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C-R, 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eightbrnth 
Edition. [See p. 48 General Catalogue, 

LONDON: CHARLES ORIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 



BNQINEERINQ AND MMCHANI08. 35 

VORKS BT W. J. liCQUORN RAMKIHE, LLD., F.R.S. 

Thopouffhly RevlMd by VT. J. MILLAR. C.B. 



A MANUAL OF APPLIED MECHANICS : Comprising the 
PrindplM of Statiot Mid CinoiiiafeioB, and Theory ol Straotores, 
Meohanism, and Maehmct. With Ntunarons Diagrams. Crown 8to, 
Cloth. SBVBMTnilTH EDITION. 12i. 6d. 



A MANUAL OF CIVIL ENGINEERING: Comprising Engin 
oering Snnrays, Earthwork, Ponndationa, Masonry, Carpentry, Metal 
Work, Roads, Bailwavi, Canals, RiTers, Waterworks, Harbours, fto. 
With Numerous Tables and Dlnstrations. Crown 8to, Cloth. 
Twxnty-Third Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK: Com- 

prising the Qeometry, Motions, Work, Strength, Constmotion, and 
Objeots of Maohines, ko. With nearly 900 Illastrations. Crown 
8to, Cloth. SsvxNTH EnmoN. 12i. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and AiB 
Enoinis, by Bbtan Donkdt, M.Inst. C.B. With Folding Plates 
and Nnmeroos IHnstrations. Crown 8yo, Cloth. Sixtbbnth 
Edition 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Meohanios, Shipbnilders, Snrreyors, fta With 
Appsndix for the use of Elbotrioal ENonmBS. By Professor 
Jamhson, M.Inst. O.E., M.I.E.E. Sstxntb Edition. 10b. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Stady of Meohanioa. By ProfesMr Rankinb 
and E. F. Bambkb, C.E. With Nnmeroos Illustrations. Crown 
Sto, Cloth. FuTH Edition. 9s. 

V l%f "MwMAnoAL Tbxt-Book" wm» i m if u* * ^ Prof«Mor Bumm m§ m Istbd- 
DuonoM <o tht mbcm atriu of MmtmaU, 



IISCELLANEOUS SCIENTIFIC PAPERS. Part L Tempera- 
tnre. Elasticity, and Exnuision of ^apovra, Liquids, and Solids. 
Part II. Bnergr and its Transformations. Part III. WaTO-Forms, 
Pit>pnlsion of vessels, fto. With Memoir by Professor Tait, M.A. 
Wtth fine Portrait on Steel, Plates, and fNagrams. Royal 8vo. 
aoth. 31b. 6d. 

*«Nonor««BdtiriacM«norialoriVofeiiOT lUakiM ooald b« dcviMd thaa tks pabiia- 
I of thma pttpcn in an aooeHibto form. . . . TIm Coltoction is aott nJoabU on 
ouatof tks natura of his ( 



•ccooatof tks natura of his diaoovwiai, and tha baauty and con^ilataBaas of hit aaaiyiM. " 
"AfckUtct, 

iONDON: CHARLES eRIFFIN * Ca. LiHITED, EXETER STREET, 8TRAR0 



36 CHARLES QHIFFIN <b OO.'S PUBLICATIONS. 

Third Edition, Thormghly Revised and Enlarged. With 60 Plates and 
Numerous lUustraHons. Bdndsome Cloth. ^, 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. CE, F.G.S.. 

rsLLOw or KunaTs oollbgb, London ; rsor. biukitus op civil 
king's collbgb, ktc, btc 

CoNTSNTS — Discharee through Orifices.— Flow of Water through Pii 
— Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping J 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Ma 



CoNTSNTS —Discharge through Orifices.— Flow of Water through Pipes.— Accumulaton. 
-Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 

hop Tools. — Pundunfr 
_ _ J Machines. — Drills and 

Cutters.— Pile Drivers, Excavators, &c.— Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines. — Shields. — Various Systems and Power Instauati<»is — 
Meters, ftc— Index. 



"The standard work on the application of water power." — Cautn^s MaemMttu, 



Second JSdiiion^ OreaUy Enlarged, W^Uh Frontispiece, several 
PkUeSt and over 260 lUu&traUons. 21«. net. 

THE PRnCIPLES UD COISTRUCTIOR OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal Illustrations of Enoinbs and Pumps applied to Mnmro, 

Towir Watkb Supply, Drainaob of Landa, &c., alao Bloonomy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

ltemb«r of the Inatitation of Oivll Engineers, Member of the Instftation of 
Mechanical Bnglneera, F.G.S., Ao. 

OosTEsra —Early History of Pommnff En^es— Steam Pumping Engines— 
Pumps and Pump Valves— Gkneral Frinoiples of Non-RotatiTe Pmnpiag 
Engines— The Cornish Engine, Simple ana Compound- Types of ^™"»g 
Engines— Pit Work— Shaft Sinking— Hydraulio Transmission of Power in 
Mines — Electric Transmission of Power— Valye Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works Euffines — Pumping 
Engine Economy and Tnals of Pumping Machinery- Centrifugal and other 
Low-Lift Pumps— Hydraulic Bams, rnmping Mains, &c.— Ini>bx. 

'^By the 'one English Engineer who probably knows more about Pumping UsroUnery 
than AST OTHsa.' ... A. voluxx SBOOBDiira ihr kesults or lovo sxpiRfKiraB a«i> 
nuDJ.''--Th« Bngiveer. 

"Undoubtedly TBS bbst ahd koit raAonoAL ixsAnss on Pumping Maohinery that tas 
TST BBBH ruBUSiaD.*''-Mininff Journal. 

IjONDON: CHARLES BRIFFIN « CO.. LIMITED, EXETER STREET. STRAND 
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\ At Press* In Lar^ Sto. Handsome Cloth. Profusely Illnstrated. 

Ik T>iv'o Volumbs, Each Complete in itself, and 
I Sold Separately. 



rr^E DESIGN 

AND 

CONSTRUCTION OF SHIPS. 

. By JOHN HARVARD BILES, M.Inst.N.A., 

ProfMsor or Nantl Arohiteetaro in Glaagow UnlTonity. 

CONTKKTS OF VOLUME I.— PART I. : General Considerations.— Methods of Detennin- 
atioQ of the Volume and Centre of Qravity of a known Solid. — Graphic Rules for 
Integration.— Volumes and Centre of Gravity of Volumes.— Delineation and Descriptive 
Geometry of a Ship's Form.— Description and Instances of Ship's Forms. — Description 
of Types of Ships. Part II. : Calculation of Displacement, Centre of Buoyancy and 
Areas.— Metacentres.—Trim.-<;oefficients and Standardising.— Results of Ship Calcula- 
tions.— Instruments Used to Determine Areas, Moments, and Moments of Inertia of 
Plane Curves.— Cargo Capacities —Effects on Draught, Trim, and Initial SUbility due 



toFloodingCompartments.- Tonnage.— FreeboanT— Launching.— Application of the 
Intmnuph to Ship Calculations.— Straining due to Unequal Longitudinal Distribution 
of Weight and Buoyancy.— Consideration of Stresses in a Girder.— Application of Stress 
Formulie to the Section of a Ship.— Shearing Forces and Bending Moments on a Ship 
amongst Waves.— Stresses on the Structure when Inclined to the Upright or to the 
Line of Advance of the Waves. — Distribution of Pressure on the Keel Blocks of a 
Vessel In Dry Dock.— Consideration of Compression in Ship Structure. 



BY PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINL 

With 181 U/uatrationa. Price 6b. net. 
See page 28. 



iref«y Asdb HtOHltomt Oiotk. With numtoHM ftluHnUona antl Tabfg. 28a. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

onoBT or TKB turmRiAL omoBBs or st. STAivn.AUS or aussiA ; ntAMas josam o» 

AUtratA; mbdjidib or TuaxiY; amd aisiito sun or jatam; ticp- 

raasiBBNT or tmb iNtrrrunoK or natal AaairracTt. 

" Sir Sdwaxd Rbbd's ' Stabiutv or S»rs ' is iMVALUASLa. Ilia Natal Aaoimcr 
win bid brought together and ready to his hand, a mass of inloniiation which ha would otWr 
wise haTS to ssak in an almost CDcQess Tariety of puhlicatioiis, and some d which he vonld 
possibly BOt bs able to obtain at all clsewhcre.'*»i9<r<i«wAd>. 

UNDON: CHARU8 aRIFFIN « CO.. UHITEO. EXETER STREET. STRANb 



OHARLMS GRIFFIN * 00J8 PUBLIOATIONO. 

WORKS BY THOMAS WAIiTOlT, 

NAVAL ARCHITECT. 



Third Edition. lUuslrated with Plates, Numerous Diagnms, and 
Figures in the Text. i8s. net 

STEEL SHIPSs 

THEIB GONSTBITCTION AND MAnTTSHAJTCB. 

A Manual for Shipbuildera, Ship SuperintendentB, ^tydemta, 
and Marine Enginwra. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP." 

CoNTENTB.— I. Manufacture of Cast Iron. Wrought Iron, and SieeL-'Com- 
position of Iron and Steel, Quality, Strength, Tests, && IL ClaaBifietttian of 
Steel Ships. III. Oonsiderations in making choice of Tvpe of VesseL — ^Framiii^ 



nenLAo. — ^JbUvets and Kayetting, WorJonansbip. VL PnTnping 
B. VTI. " ■ "^ 



Tnmk 



ments. Vil. Maintenance. — Prevention of Deterioration in the HhHb of 
Ships.— Cement, Paint, &c— Index. 

^* So thoroaKh aad well written is every chapter in the book that it la difflealt to rmlBct 
■nv of tham u being worthy of exoeptionai praise. Altogether, the work is exeeilent, aad 
will prove of great vftlne to those for whom it is intonded?*— f%« B%gimmr. 



At Pkess. In Handsome doth. Very fully Illnstrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 

By THOS. WALTON, 

Author of "Know Your Own Ship." 

Gkneral Contents.— <yla88ification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — ^Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Grear, ftc. — ^lypea of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers^ 
Turret and other Self Trimming Steamers, &;o.— Index. 



Ninth Edition. lUustraied. Handsome doth, Crown 8vo. 7«. 6tL 

The Chapters on Tonnage and Fpeeboapd have been brought thorouffhly 
up to date, and embody the latest (1906) Board of Trade ReffQlatlons od 
these sutajeets. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Abchitect. 

Specially arranged to suit the requirements of Ships' Officers, Shipou/nera, 
Suoerintendents, Draughtsmen, Engineers, and Others, 

Gortents. ~ Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structure.— Stability. — Boiling. — Ballasting.— Loading.— Shlftuig Cargoes.- Effect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-UneX— CalculattoDs.— 
Set of Calculations from Actual Drawings.— INDSX. 

'* The work Ib of the hlffh est rslue, and »U who so down to the sea in shipe should make Uiem- 
selves acqasinted with it?'— Shipptni; World (on the new edltton). 

lONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt BDW. BLAGKMOBBp 

MartOT MariMT, lint Claw IMidty H011M OOTtlflMiU, Aawo. iMt. V.A. : 

Ajn> w^ramr, HAmT, bf Sailois for Bailom. 



■"Stibt Ship ■hoald have tha WHOU Sirob aa a Kmsnca Ubkabt. Ham»- 

SOKSLT BOUHD, OLIABLT FBOnnD and ILLUWEAfMO."— H a w yOfl l Joiim. ^ OMMNiTdi. 



The BridSll MereantUe Marine : An Hbtorioal Sketch of ito Riae 
and DafalMniank Bf tha iDifom, Oah. BLiCKMOBX. Ii.6d. 
'* Captain Blaokiiioiaagp&BVDiD BOOK . . . oonudna paiasraplia on avafy poini 

o< tntonat to the Marobant Marina. The 248 pagaa of tlila book ara ma most TALU. 

ABia to the taa captatai that bava BYBB bean OOMPILBD. "— Jftraftawf atnUm Binitm. 

BlementaFy Seamanship. By D. Wimok-Barkbb, Matter M«nner, 

F.B.&K. r.lt.a.8. With nunaioiia Plataa, two in Ooloufa, and Vkontiaplaoa. 
FouBCB BBinoB, Tboronisblj Barlaad. With addlttooal lUnatnttona. Ol 
*<Ttala ABMiBABUi MABUAL, hf Caft. Wiuob Babkbb, of tha ' Wofoaatar,' 

"—^11 



Ship : A Simple ExpUnatioii of the StabiUty, Oca- 
and f^boaid or Sblpa. By THoe. WAIAOB, Vaval Anhltaet 
. 6d. 



Know Youp Own Shljp 

ainatlon, IOnnag%and j 
KZHTH BDinoi. 7i.6d. 
** Mb. Waltor'8 book will be found tbbt usBruL."— nba Jfti ^m t r . 



M&Tigatlon : Theoretleal and PraetleaL By D. WiLBOM-BAaum 

and WILUAM ALUBOHAM. 8B0OBD SoiTiOB, BoTlaad. a^ad. 



tha kind of wofk raqnlrad tor tha Haw Oartttoataa of 
Oandldataa will iind It DTrALUABLB."— DihmIm ^tfMrt«Mr. 



ieteorolOgy: For Offioera of the Merdhaat NftTy. By 
I ALUBOHAJirjnrat daM Honoon, KaTtgation, Solancaand ArtDapartBaani 
Qstntlona and Mapa, and fmottimfU raprodnotlon of log paga. 7i. ed. 



Marine Meteoroio 

WlLUAll AUilBOHAB .^ 

With Uloatntlona and Mj^ and fmottimfU raprodnotlon of log paga. 
" Qnlta tha bbr pubuoaxiob on thla •abJaot."-^^!ni^ QwutU. 

Latitade and Longitade : How to find them. By W. J. HnjjLB» 

O.B. SBOOBD SDmoB, BaTlsad. St. 

" Oannot but proTa an aoqntaition to thoaa atadying Nailgatlon."— JferiiM J u gii n ir. 

Praetieai Meelianies: Applied to the reqniremente of the SeUer. 
By THO0. Maokbbub, Maatar Hartnar, r.a. A.8. Bboobb Bdibxmi, lavlaad. la. Od. 
•< Wbll wobth tha money . . . BzaBBDOiaLT hblpbpl.*— flitjijiiiy rarid. 

Triffonometry : For the Yoanff Sailor, &a By RiOR. 0. Bdok» of the 
fbamaa Nantloal Training OoUega, H.M.B. ** Woroaatar." THIBB IBIXIOB, BaTiiad . 

"Ibla BMIBBBTLT FBAOHOAL and nliabla Toloma.' 



Praetleal Alsebra. By Rioh. C. Buck. Compenion Voliime to the 
above, for Ballon and othan. Sboobd BDmoBp Bariaed. Frioa U. fld. 
*< It li JUR KBB BOOK for the yovBgaaUor mlndfol of prograak"— JreitMdel Jr<vei<M. 



The Legal Dutiee of Shipmasters. By Bbnbdiot Wm. OnraBUBo, 

ILA, LL.D., of tha Inner Temple and Northern Otrenlt : Banrlatar«t*Law. SBOOBD 
loniOB, Tborongbly Baviaed and Bnlaiged. Priaa 4a. 6d. 
"iBTALUABLBtomaatara. . . . We can fally reoommend Vi," Sk ip p i ng GmmiU, 

A Medieal and Sorgieai Help for Shipmasters. Tt^i"^mg Fint 

Aid^ JBkML By Wm. JoHBBOBjtenH, r.a.a&, ftlnoipal Madloal OAoar, iMBiaB'a 
Hoepttal, ereaawloh. Thibd Xdirob, Thotooghly Berlaad. 6i. 

" BOUBP, JUPIOIOOT, BBALLT HBLPFUL.*— Tfta LmnML 

LONDON: CHARLES SRIFFIN A CO., UMITED. EXETER STREET. STRAND. 
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40 CHARLS8 QRIFFIN A CO.'S PUBLICATIONS. 

GBUFIN'S NAUTICAL SERrB& 

Introductory Volume. Price Se, &dL 

British Mercantile Marine. 

Bt edwabd blacemobe, 

MASTBK MARIMBIt; ASSOCIATB OF TKB ntSTITUTIOII OP KAVAL ASCBTiaCTS; 

MWMBHB OP THB INSTmniON OF BMGZNBBKS AMD SiOPBUILDSKS 

. IN SCOTLAMDt BDrTOR OF GKIFFnTS "MAUTICAX. SBRZBS.' 

GnrBRAL Ooim nraB.~-HiBT0M0AL : From Early Times to llftft Tiiilim 
andflr Hemry VIII.— To Death of Mary— Dmcing Elixabeth's Bogn— I^ to 
ttia Bdgn of William m.— The 18th and 19& Centnriea— IiuAitntkm ^ 
KramfaatJons — Biae and ProgroM of Steam PropnlBion — Bev^lopnieBt off 
Free Trade— Shipping LegidiSion, 1862 to 1875— *" Lockaley Hall^CWw 
BhipmasteTB' Societies— Loaidinff of Ships— SUpping LegUatson, 1884 to 18M- 
Statistios of Shipping; Thi FxBBomnL : Shipowners— Offioen—MariiMiE^- 
Dnties and Present Position. Eduoatiok: A Seaman's Edncatioii: n^at it 
durald be— Present Means of Edncation— Hints. BiscoTLim asd I>irrT— 
Postscript— The Serious Decrease in the Number of Britidi Boamnn, » 
demanding the Attention of the Nation. 

'* IsTSBsmva sad ImfBUcnrs . . . may be read wim fbort sad i 
Wmfom BmraUL 

^^Svaxr BBAHCH of the nil^eot la dealt with in a way whieh shows that the 
* knows the ropes* fSmlllariy.**— dSoofimaii. 

"This ADMDUBLB book . . . nxMi with oeefol InformslloB afcooM be ta ft* 
hands of eTery Sailor.**— ir«fters Monntng Ntm. 



Fourth Edition, Thoroughly BevieecL With Additional 
lUuetrations, Price 6s. 



ELEMENTARY SEAMANSHIP. 

n 
D. WILSON-BARKER, Mabtib Mabptib; F.R. S.E., F.R.G.S., Aa, *a 

TOUHflm BBOXBBE Of THB IBinXT VOTOB. 

With Frontispleoe, Nnmerons Plates (Two in Colours), and Dlnatrattons 

in the Text. 

GiNBRAL Ck>iiTXZn».— The Bnilding of a Ship; Parts of HnlL Maata, 
aco.— Ropes, Ejiots. Sididng, ftc. — Gear, Lead and Log, Aa — RkgiBig, 
Anchors— Saihnakmg— The Sails, Aa— Handling of Boats nndsr Sin— 
°' — V and Signalling^Role of the Road— Ke^ng and ReUering Watch— 



P«ntB of Etiqaette— Glossary of Sea Tenns and Phrases— Index. 
S* The Tolnme eontslns the saw Boue or THB BOAD. 
u Thii ADMnuBU mxuAL. by Oapt. Wnsos-BAnxa of ttie * Woreesler,' se^ms to ■• 



muBU mxuAL. by Oapt. Wnsos-BAnxa of ttie ^Woreesler,' se^ms to i 
nwKMD. and holds iti pl&oe ezeellentiy In * Guivnili Nacticax. Saane.* . . 
nded for those w ho are to beoome Offloen of the MecehSBt Nary* it will I 

* For complete LM of OBivtii*B Nachoal Bbbib, see p. ». 



LONDON : CHARLES GRIFFIN ft CO., UMITED, EXETER STREET, STRAND. 
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[ QRIPFIN'B NAUTICAL SERIES. 

^ Sbcx>hd Edition, Revised and lUustnUed. Price Si. 6d, 

I ISTAViaATION: 

I JPXULGVXGAZi JLMD VlBBOXUBSVXCJUCi. 

[ Bt DAVID WILSON-BARKER, RN.R, F.R.S.E., te., <fea, 

WILLIAM ALLINGHAM, 

WSMBMJM HOKOUBfl, HATIfllAXIOH, BOnDKB ASD ASS DlPAEnonn. 

mitb l^umetoud 5lltidttatton0 nnb JExamfnatlan Questione. 

GnrxBAL GoMTiMn.— DefinitioiuH- Latitade aod Longitod*— IiiBtnmMBti 

of Navigation— Gomotkm of Conne*— Plane Sailing— Trayene Sailing^Baj*! 

; Work — PaiaUol Sailing — Middlo lAtiladoStdling — Mcrator't Chari- 

I Meroator Sailing— Ooxrent Sailing^Pontion brBaarings— Greal Cbde 8ailii« 

—The Tides— Qoertiona— Appendix : Compami jSrot— JNnmerooi Uaefnl Hinta 

j Ifco.— Index. 

**FBaamLT the kind of work leqoiredfor the NewOarttfloataeor competwmyle mOm 
ttoBk Second Mete to extra ICeeter. . . . Oendldatee will Had it nnrAisABU."-^«Mlir 
A49$rUtmr. 

*A OMtnML lima book . . . tpeelallj edMied to the Mew BnmtBatioDa The 



Anthon era OiR. Wnaoa-IUma (Oeptein-SaperinleDdo^ of the Maatloel OoUefe, H.M.a 
' Woroeeter,* who hea had great ezperionee in the higheit ptohleaia of MavigaaoB), ead 
Mb. AxuveaAii,ewell-kBownwriterontheBeieBoeof NaTigedonendNaatloelAotroaoiBy.*' 



^BMfftl^^ w9TUL 



Hwndmme Oloth, FuUy lUuairaUd. Price 7«. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAYT. 
Bt WILLIAM ALLINGHAM, 

Joint Author of "NaTlgatloo, TbeonUoal and PraotfoaL" 

With nnmeroni Places, Mapi. Diagrams, and lUnstrations, and a f aoeimlla 
Raprodnotion of a Page from an aotnal Meteorologioal Log-Book. 

SUMMABT OF OONTmiTa 

imoDUOfoaT.—InitnuBento ITaed et 8ea for Meteorological Pnnooea— Meteoio- 
lodoel I^-Booki.— Atmoopheile Preaanre.— Air Temperatiirea.— Sea TemperetDiea.— 
Wbds.— wind fioffoe Scelea.—Hlatory of the Law of Btonaa—Hiirrlcanee, flaeaoM, and 



^uKnom.— ApravDiz.— ln>x 

**ttalto tha BHf pobltoaiioB, in eartafaily the noer muMtnre, ea thia aollaet avar 
jwaantad to Maatteal maB."- <mi y ft ig CT aei S i r -««««< 

*«* For Complete List of Grifidt's Natttioal Sebims see p. 81^. 
UWDON: CHARLES GRIFFIN * CO.. LIMITED. EXETER STREET. STRARDl 



<• OBARLm nKirrm * oo.'t FUBUCATioan. 
QHnTDTS KAUnCAL SERIES. 

Sboond Edition, Revised. With Knmeroiui DliistimtioDi. Price 3i. M. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 
Bt THOS. MACKENZIE, 

MtuUr Mmtimmr, F.R.A.8. 
GflVMEAL CoKTEMn.— Raaolntion and GompoBitkii of Force*— Woric dtmm 
by l£aohine> and living Ag«nt8>-The Mechanical Powen: The Ij&wmi 
Denrioks as Bent Leyen— The Wheel and Axle: Windlav; Ship's OaziafeBn ; 
Grab Wmoh— Tackles : the '*01d Man"— The Inclined Plane; the Scravr— 
The Centre of Gzavity of a Ship and Cargo — Relative Strength of Bope : 
Steel Wire. Manilla, Hemp, Coir-BerrickB and Shears- CalccO^ion of tiic 
CrowhmaMng Strain of Fir Spai^-Centre of Effort of Sails— Hjrdrotnties : 
the Diving-bell ; Stalnlity of Floatmg Bodies ; the Ship's PampL &c. 

" This EXcatLLERT book . . . contains a lasoe amoukt of infarmafinn * 
— JToliirf. 

*' Well wobth the money . . . will be fonnd ezoeeddtolt HKLprou"— 
SMpphff World. 

''No Ships' Otfioebb' bookcase will henceforth be o<unplete witfaooft 
Capvaiit Maokenzie*s * Praotioal Meohahiob.' Notwithstanding my many 
vean' experience at sea, it has told me how mmeh more there is to aogtnrc"— 
(Letter to the Pabliahers from a Master Mariner). 

" I most express my thanks to you for the labour and care yoa have take* 
In 'Peaotioal Mbghaitiob.' . . . It ib a un^ xxfebibvce. . . 
What an amount we frequently tee wasted by rigeing pnrchaees withoiit reasen 
and accidents to spars, ftc., Ac. ! ' Practical Mbghahicb ' would savk all 
this. "—(Letter to the Author from anotiier Biaster Mariner). 



WORKS BT RICHARD C. BUCK, 

of (he Thsmee Nsalioal TMaing 0>llege, H.M.& * Woteesler.* 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price Ss. 8d. 

Thibd EDinoir, Revised and Corrected. 
*»* Mr. Buck's Text-Book has been spboiallt pbepabbd with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject 

"Thil BMISSB T L T PBACnoAL Mid B»f.T4»T.S ▼OLCm.'*— ^8M00lllUM<«r. 

A Manual of Alerebra. 



Designed to meet the Requirements of StUhra and otkera. 
Second Edition, Revised. Price 3s. 6d. 

%* These elementary works on alssbra and tbioohomsibt are written spedsUr 'or 
thoM who will have little opportonlty of oonraltlng a Teacher. They are books for '^asLf- 
■xir." All bat the simplest explanations haTS, therefore, been ayolded, and Anwsss ts 
the Sxerdaes are givea Any person may readily, by oarefol etady, become master of thel* 
ooolents, and thus lay the foundation for a farther mathematloal coarse. If dealred. II li 
hoped that to the yoanger Officers of onr Mercantile Marine ihey will be foond decidedly 
serviceable. The Examples and ExerdBCs are taken from the Iframlnatioii Papeti tsC fW 
the Oadeta of the " Woroeeter/' 

"Olearly arranged, and well got up. . . .A flrst-rate Xlemeatary Algebis. * 
iTmmtietU MmffOtiM. 
VFor complete list of Gtamtni's Naohoal Ssms. see p. »». 

LONDON: CHARLES ORIFFIN i CO., LIMITED, EXETER STREET, STRAND. 
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I QBiFrnrs nautical semes, 

I ' Sboond Edition, Thoroughly Revised and Extended. In Crown 8to» 

L Handsome Cloth. Price 4s. 6d. 

; THE LEGAL DUTIES OF SHIPIASTERS. 

, BENEDICT WM. GINSBURG, M.A., LL.D. (Oahtab.), 

Of the Inaer Tampl« and Northern Cironlt; Barrlt(er4it-Law. 

^ General Contents.— The QoaUflcation for the Position of Bhlpmaiter— The Oq»> 

I teaot with the GOiipownerr-The ICsster*! Daty in lespeot of the Graw : BngamMat 

e jLiMMrentloss : DlsoipUne ; Provisions, Acoommodatlon, and Modloal Oomf orts ; fijiiwiit 

; 01 WscM and DiseharBO— The Hester's Daty in respeet of the Psiswigeri The Iffsstoili 

TInanolal llesponsibiutles— The Master's Datj in rsspeot of the Gugo— The ICsstsvli 
\ DvXj in Cese of Casnaltj— Ihe Msster's Duty to certain Pnbllo Authorities— Ths 

Master's Duty in relaUon to PUots, Signals, Tlafi, and Liaht Dues— The Master's Delf 

npon Arrival at the Port of Dlseharge— Appendiess relative to oertein Legel Mattsni 
U Boerd nf TVsdn rnrtiflnstns. TrtntsTTflrslns ntmrsfle of firsin fisrtnos. fosd Tins ftegnle 

Mods, Ufe^aving Applisnoes, Canisge of Cattle at Sea, *o., Ac.— Ooploas Index. 
. "No Intelllgsat Msster ■boold fcU to sdd this to Ms Ust of neosswry books. Afnr llnei 

of it msy SAVB ▲ LAwrsa's vaa, aesoBS aanusss wcasr. "^—Umrfoot Jwtrmal ^ COm mmm, 
" " , plainly written. In OLSAa end ■oH-reoniou. LAnouAea, and will be fBoad of 
ibytbeSr * 



B ShipDMater."— JHIO* Trmdt Itmim. 



Sjcoomd Edition, Revised. With Diagrams. Price 2a. 

Latitude and Longitude: 

EComr to Fli^d tl^ezn. 

By W. J. MILLAR, C.K, 

laU Sterttmnf *o (ht InsL of Engimmrs md ShlpMldtn im dfceffaerf. 
" G0110IBK.T and OLKABLT WJUWEM . . . cannot bat prove an aoquisitton 
to those Btodvinif Navigation.''— Aforine Sngineer. 
'* Yonng Seamen will find it handt and usnrirL, simplb and ouak."— fl%e 



FIRST AID AT SEA. 

Thqu> Edition, Revised. With Coloured Platee and Nnmerona IllnslBa- 

tiona, and oompriaing the latest Regnlationa Respecting the Oarriage 

of Medical Storea on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, P.RO.S., 

Principal Medical Offleer, Seamen's Hospital, Qfesnwleh. 

%• The attention of aU interested In oar Merohsat Navy is requested to this omeeillnilj 
BNfnl and valnahle work. It is needleee to say that it it the oatoome of many yeera 
nionoAL BzrauncB amoncst Seamen. 

"Sooan, junicioos, aaAixT bbuvul."— 3^ Lamfti. 

*^* For Complete Ust of Q&if vik's Nautical Sn&in, see p. 39. 
LONDON: CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET, 8TRAW< 



44 QHARLB8 QRIFFIN A OO.'S PUBLWATiOlfS. 

gRipnys yAuncAL sblies, 

KiKTH Edition. Bevised, toith ChapUra on TWnt, Buoyancy^ and Ctdc^m 
tfbiM. Numtrons lUtutrations, Sandsome Cfloth, Crown 8vo. Price 7s. CA. 

KNOW YOUR OWN SHIP. 

Bt THOMAS WALTON, Naval Architkct- 
ipeoiaJly arranged to suit the requirements of Ships' Officers, Shtpownen^ 
Superintendents, Draughtsmen, Engineers, and Others. 
Thli work expUInt, in a simple maoner, tnoh important anbjoets *■*— fH iil ii ii ni ciiit — 

Daadweight. —Tonnaco.— Freeboard. — Moments. — Booyangy.— 8timin,~-B r i u ctur a. — ) 

ili|y.—&oUlns.—Ballaatlng. — Loading.— Shifting Cargoea.— Admiaalon of Wasor.- 



**TIm little book will be found ixcuniHOLT hakdt by most oticen and »^**»»t 

with abipplng . ... Mr. Walton's work will obtain ijksrixo sucdss, beeaoee of tts 
tiMH for thoae fbr whom it has been writien."— 5Mpp<fig Worid. 



BY THB SAME AUTHOR, 

Steel Sliips: Their GoDstntctioa and Maintenance. 

(See page 38.) 

SixTBBNTK Edition, Thoroughly Revised. Large 890, Goth, 

pp, i-xziY+708. With 280 lUustnUums, reduced Jram 

Working Drawings, and 8 Plates, 21«. net, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINBRT. 

By A.E. SEATON, M.I.C.E., H.LHe6lLE., M.LN.A. 

GiNiRAL Contents. — Pabt L— Prinoiples of Marine Propalnon. 
Pa»t II.— Principles of Steam En^eenng. Pabt IIL— Detaila of 
Marine Engines : Design and Calcnlations for Cylinders, Pistons, Valves^ 
Sxpsnsion Valves, &c. Part IV. --Propellers. Pabt V.— Boilen.' 
Pabt VI. — MisoelUneons. 

"The Stndent, Draaghtaman, and Engineer will find this work the noer TALUAaLs 
Hardbooe of RefereDce on the Marine Bngioe now in eadstoooe."— Ifartoe r ~ 



Ninth Edition, Thoroughly Revised. Pooket-Sise, Leather. 8b. 6d. 
A POOKXT-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOB THB USB OF 

■mrlne Engineen. Naval Arehlteets, Deslflrnen, DraoffhtsmeB, 
Saperintendents and Otners. 

Bt A. £. SEATON, M.I.O.E., M.I.Mech.E., M.LN.A, 

AND 

H. M. ROUNTHWAITB, M.LMech.E., M.LN.A. 

*' The best book of itt kind, and the information is both up-to-date and reliable."— 
XngJMer. 

teNOON: CHARLES GRIFFIN A Ca. UMITEO. EXETER STREET. STRMOl 
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1 WORKS BT PROF. ROBERT H. SHITH, Assod.H.LC.B.. 

, M.LlCaolLX., M.LELB., HLMioX^ Whit. 8oh.« HOrdM^JL 



! THE CALCULUS FOR ENGINEERS 

> AND PHYSICISTS, 

\ Applied to Teehnleal Problems. 

WITH KXTUiaiVI 

CnCiA-SSIPIBD BXTBBENOX U8T OF INTBaBAIiS. 
Bj PROF. ROBERT H. SMITH. 

AaSKTBB BT 

B. F. MUIRHEAD^ M.A., aSo. 

I Formirlj dark FaQow of Olugow UnlTcnlty, Mid Leotnnr oa ITilhfliinttni M 

' MMon Ooltofs. 

In Cnnim 8tM), txtriHf with Diagraim$ and Folding-PlaU, 81. 6d. 

** Fior. B. H. Smni'B book will be wrrtoeable in nndertiif » hard nwd ab iabt as imAon^ 
ABU for tiM non-WBthMiiBtleBl 8tad«Bt aod Aiglaoar."— ^tikmoiMi. 

** Int W BB tl agdlBcrMPB, wtth pmMoal lllmtimttons of actoai oc« ni T M ic» BTotobtlBmdkBBO 

ta BbaBdUMBr^m TIBT OOHPLBfB CLABBiniD UPBUBOB *ABU wUl piOTB rWJ OBtlkl te 

mriat the tloM of ihoM who wuit an Intflgnl in b taoRy."— HU Jta^fMir. 

MEASUREMENT CONVERSIONS 

(BngliBh and French) ; 

43 aRAPHIC TABLES OR DIAGRAMS, 0^ 28 PLATES. 

Showing ftt a glanoe the Mutual Cokvkbuon of Mxahu&bmxvtb 
in DimBBNT Uvitb 

Of Ijtpgthi, ATM!, YcdnrnM, Weights, BtretMt, DaiiBttlM, QuantttlM 

of Work, Hone Powers, Temperstoxes, Ac 

f«r Mo MBO 0/ SngfH—n, Sutvffon, AnkUiitB, «i»tf OofftPHeton. 

/n 4to^ BoardM, 7m, 6d, 

** Prof. Smith's Contrrsion-Tablss form the moat nniqne snd oom* 

pmensiTe collection ever placed before the profession. By their use mndi 

ttne end Uboor will be sayed, and the chances of error in oalcolaticn 

dfaninished. It is believed that henceforth no Engineer's Office will be 

ooDsidered connplete without them. 



Foekst SiiOiLesther Llmii, with Gilt ISdgeo and Bonndod Oornon, printed on ^paolel 
Thin Paper, with lUuBtrationB, pp. iili + 8S4. Pxioe 18b. net 

(THE NEW "NYSTROM") 
THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of TMm^ FormuJUE and Methods for Emqmum^ 
Students and Draughtsmen. 

By henry HARRISON SUPLEE, B.Sc., M.B. 

"Wo feel Bnre It will be of great Berrloe to mechanical engineorB.**— ITvH^fiMfifv. 

UMDON: CHARLES GRIFFIN * CO.. LIMITED. EXETER STREET. STRANa 



46 0HARLB8 ORIFFIH S 00.* 8 PUBLICATIOBS, 

SaooHD Bdition. In Large 8vo. Handsome Cloth. 168. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.La. F.O.B^ A.LG.B. F.La. F.GA 

OBKBRAIi OOHTBHTS.— Introdnotloii— Ghemlstiy of the Ghlef 1 
of OoBifenietlOB— Souroei of Energy— COLemlsiry of Stettm-rmlstiiff- 
try of Latoloatlon and Lamrloanta— Metallnrgleal Prooonoa vmA Im 
Wlmdag and Mannlkctnre of Metals. 

**Th6 Mitbon hare boogebdbd beyond all ezpeetation, and bare prodnoed a vork 
•boold i^tn imssH powbe to tbe Jfinsineer and Mannfactnrer."— gV Timu. 



By the same Authors, '* Chemistry for Ma>*ufacti7Rkbs/' see pu 7L. 



THE ELEMENTS OF CHEMICAL ENGINEERING. B^ 

J. Grossmann, M.A., Ph.D., P.I.C. With a Preface by Sir 
WnxiAM Ramsay, K.C.B., F.B.S. In Handsome Cloth. Wttk 
nearly 50 lUustrations. 3s. 6d. net [See page 70. 



At Pbbss. In Demy Quarto. With Diagrams and Worked Problea 
2b. 6d. net. 

PROPORTIONAL SET SQUARES 

APPUED TO GEOMETRICAL PROBLEMS. 

By Lieut. Col. THOMAS ENGLISH, Late Royal Engineers. 



Works by WALTER R, BROWNE , M.A., M.IH8T.C.E. 

THE STUDENT'S MECHANICS: 

An Intpodaetion to the Study of Foree and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

** Clear fai ityle and practical in method, 'Thb Studbnt's Mbchamics' b cordially iq be 
recommended from all points of view."— i4M#n«wi«K. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer, In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKHOFER or Vienna, and 
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County ConnoiL With Appendix (re-written) on Sanitary Law, by Herbert Manley, 
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and others. Bt C. Airsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Pnblle 
Analysts. With numerous Ulustrations and a coloured Plate. 10a. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wyntxr Blyth, 
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tion of Ifinsmls : Use ol the BIow-tow, fta —Rock-foiining Minerals and Nob- 
BCetaUio BCinends of Commeroisl Valae : Rook Salt, Borax. Biarfales, litfao- 
naphio Stone, Qnsrts snd OpaL fto.. ^bo.— F^rectons Stones and Gsms— l^vstiiisd 
Deposits: Coal snd Ores-Mnuml Veins snd Lodes— Imgnlsr Beposits— 
DTiismios of Lodes: Faults, fto.— AIlQTisl Dsposits-^NoUs MetslsToold, 
PlMinmn, SilTsr, fta—Leftd—Mefoai7--Coppei^Tin—2jino— -Iron— Nickel* 
Ac-dnlphnr, Antimony, Anenio, fto.~€VimbastiUs Minerals Petgolsam— 
Qeneral Hints on Prapeoting— GlosHtfy^Indsz. 

"IMs immuLBUi LRCUi wosK . . . written with s uuunu r io AoaosMn in a 
OUiS and LVCEDttgrle. ... An mpoBfAm ADDinog to teghnkml Uteratera . . . 
-Mim/lise JvuimsL 

lONDOH: CHARLES SRIFFIN * GO^ LIMITED. EXETER STREET, STRAND 



86 CHARLES ORIFFIN & CO.* 8 PUBLICATIONS, 

Twenty-third Annual Issue. Handsome cloth, 7s. 64. 
(To Subsoribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

OP TUB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT JBIUTAII 
AND IRELAND. 

OOKPIUBD FBOM OITIOIAL BOUBCBa 

OompHaing {together with other Official Informathm) UST8 «/ ^ 
PAPERS read during the Seeaion 1905-1906 before all tk^ LEABim 
SOCIETIES throughout the Kingdom engaged in the following Oepoji 
mente of Reeearoh ;— 

S I. Science Generally : i.t.. Societies occupy^ 
in^ thonselTes mth several Brandies of 



Soence, or with Sdence and literature 
Jointly. 
I a. Ifathematics and Riysics. 

1 3. Chemistry amd Fhotogmplnf . 

1 4. Geoloffy, Geography, and Mineraloffy. 

1 5. Biology, inchiding Microscopy and An- 



duopology. 



$14. Mkdicinb. 



$ 6. Economic Science and_S»»rt«»ir». 

i 7. Mechanical Science, 

Architecture 
i 8. Naval and Mflitaiy ScMPca. 
i 9. Agriculture and Hoi 
9 xa Law. 
$ XX. Literature. 
' 18. Psychology. 
13. Archaeology. 



"Fills a very real want." — Engineering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh MedimL 
foumcU, 

" The Ybar-Book op Socibtibs is a Record which ought to be of the greateat a»g 1^ 
the progress of Science. " —^^rrf Ptayfnr^ F.R.8.^ K.CB.^ M,P., Past-Pr^UUmi ^ ^ 
BrUith AssaciaiiOH. 

"It goes almost without saying that a HandlxxA of thb subject will be en ibv 
one of the most generally useiul works for the library or the desk.'*- -7'A# Tumes. 

" British Societies are now well renreeentefl In the ' Year^Book of the Sciealific aad 
Learned Societies of Great Britam and Ireland'"— <Art. "Societies'' in Nen 
"Encyclopaedia Britannica/' voL zxiL) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the vaiioai 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The YK^^£22Ii^^2Si£2i52 ^0"°* * complete iwdkx to the scigHTiFic work of the 
»e8sioiMT"y«arT^Ii^variou?T>epartments. It is used as a Handbook in all our gmt 
SciHNTiFic CiNTXBS, MusBUMs, and LiBRARiBS throughout the Kingdom, and has beoraav 
an IWPISPHWSABLE BOOK OF KEPKRKWCB to cvcry one engaged in Scientific Work. 

READY IN OCTOBER EACH YEAR. 
LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. 8TRAN0L 
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